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PREFACE  TO  SIXTH  EDITION. 


The  three  years  that  have  elapsed  since  the  appear- 
ance of  the  Fifth  Edition  of  this  book  have  beeu  particu- 
larly fruitful  in  works  of  bacteriulogical  interest.  Light 
has  been  shed  upon  the  etiology  of  several  important 
diseases  of  man,  notably  epidemic  cercbro-spinal  men- 
ingitis and  dysentery.  Interest  has  l>pen  re-awaken«! 
in  the  subject  of  tuberculosis ;  we  Iiavc  been  made 
familiar  with  a  group  of  micro-organisms  in  certain 
ways  allied  to  bacillus  tuberculosis,  and  having  the 
property  of  causing  conditions  more  or  less  su^estive 
of  tuberculosis;  and  much  of  fundamental  importance 
has  been  contributed  to  our  understanding  of  the  mech- 
anism of  infection  and  immunity.  Wherever  appro- 
priate to  a  book  of  thb  character  these  advances  have 
been  included. 

The  chapter  on  suppurative  and  inflammatory  condi- 
tions has  been  enlai^ed  with  a  description  of  the  cau.'sa- 
tive  agent  of  epidemic  cerebro-spinal  meningitis ;  that 
on  tuberculosis  with  a  summary  of  our  knowledge  of  thfi 
acid  resisting  bacilli  that  are  in  many  ways  allied  to 
bacillus  tubereulosis,  and  with  a  description  of  the  more 
important  path(^nic  streptotli rices ;  to  the  cliapter  re- 
lating to  the  infections  of  the  intestinal  canal  a  sum- 
mary of  the  new  work  on  dysentery  with  a  description 
of  the  micro-oi^nism  now  believed  to  be  tlie  cause  of 
that  disease  has  been  added ;  and  tlie  commenti^  upon 


immunity  Iiavc  ImI'II  rovUted  so  an  to  (yinfomn  with  the 
ni:cnt  vmvA  on  the  puhject  ».■>  Ira-st-d  upon  the  tiindn- 
nieiititl  niiearches  of  Khrlioh  an<l  Mor^nroth,  Bonlet, 
Iliichiicr,  and  others. 

Of  nwcfisity,  the  Iwok  ha«  increased  a  little  in  i^ize, 
hnt  it  is  l><:li<;vc<l  tliut  tlii^  will  in  no  way  h>sscn  its  iise- 
l'u\iu^>i,  itml  it  IN  ho[M-<l  will  in  no  wi:<e  detract  fmm  the 
'»nliiil  nficjilion  that  has  hitherto  been  acconled  it. 
A.  C.  A. 

PniLAKtLI'HIA,  MNrclj,  1902. 


PREFACE  TO  THE  FIRST  EDITION. 

In  preparing  this  book  the  author  lias  kept  id  mind 
the  needs  of  the  student  and  practitioner  of  inediciac, 
for  whom  the  importance  of  an  acquaintance  «itli  prac- 
tical bacterioli^y  cannot  l>c  ovcrestimatt.'d. 

It  is  to  advances  made  through  I)acteriologioal  re- 
search that  we  arc  indebted  for  much  of  oiir  knowledge 
of  the  conditions  underlying  infection,  and  for  the  elu- 
cidation of  many  hitherto  obscure  problems  concerning 
the  etiolog}',  the  motles  of  transmission,  and  the  means 
of  prevention  of  infectious  maladies. 

Only  within  a  comparatively  short  time  have  students 
and  physicians  been  enabled  to  obtain  the  systematic 
instruction  in  this  science  that  is  of  value  in  aiding 
them  in  their  efforts  to  check  disease.  The  rapid  in- 
crease in  the  number  who  arc  availing  themselves  of 
tiiese  opportunities  speaks  directly  for  the  practical 
value  of  the  science. 

As  the  majority  of  those  undertaking  the  study  of 
baoteriologj'  do  so  with  the  view  of  utilizing  it  in  med- 
ical practice,  and  as  many  of  these  can  devote  to  it  but 
a  portion  of  their  time,  it  is  desirable  that  the  subjcctn 
matter  be  presented  in  as  direct  a  manner  as  jjo^sible. 


vi  PREFACE  TO  THE  FIRST  EDITION. 

PresumiDg  the  reader  to  be  unfamiliar  witb  the  sub-  | 
ject,  the  author  lias  restricted  himself  to  those  fuuda^  ] 
mental  features  that  are  essential  to  its  imdorstandiug.  ] 
The  object  has  been  to  present  the  important  ideas  and 
methods  as  concisely  as  is  compatible  witli  clearness, 
and  at   tlie  same   time   to  accentuate  throughout   the 
underlying  principles  which  govern  the  work, 

M'ith  the  view  of  inducing  independent  thought  t 
the  part  of  the  student,  and  of  diiuiuishing  the  fre-  I 
quency  of  that  ott-hoard   query,  "What  shall   I  do -l 
next?"  experiments  have  been  suggested  wherever 
is  possible.     These  have  been  arranged  to  illustrate  the 
salient  points  of  the  work  and  to  attract  attention  to 
the  miniit^>  details,  upon  the  observation  of  which  so 
much  in  bacteriology  depends. 
.,  December,  1891. 
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BACTERIOLOGY. 


INTRODUCTION'. 

>niM  (ivnmei  riTa~ — The  OTenhiow  of  tbe  doctrine  of  spunlkBMMU 
gCDenoaa— Eftriicr  bacteriolociol  Mndiea— The  binh  at  mudprn 


BAcrEBiowKJY  may  be  said  to  have  had  its  bc^n- 
oing  with  the  obser\'atioDS  of  Leeuwenhoi'k  in  the  Utter 
part  of  the  seventeenth  centuiA'.  Though  it;c  muii't  rapid 
and  important  development  ha^  taken  plaee  during  the 
past  fifteen  or  twenty  years,  still,  a  review  of  tlie  \-ari- 
003  evolutionaiy  phages  through  which  it  has  pa&r«.>d 
in  the  couTjie  of  more  than  two  hundred  yeare  n'- 
vcals  an  entertaininp  and  instructive  histon'.  From 
the  ver\-  out;3et  its  history  is  inseparably  connivtwl 
with  tliut  of  medicine,  and  from  the  outwnte  of  Uu-le- 
riolt^cal  research  preventive  medicine,  iu  its  iniMlcrn 
conoeptiou,  received  its  primary  impulse.  Thniiigli  a 
OKire  intimate  acquaintance  with  the  biological  activi- 
tie:-  of  the  unicellular  v^etable  micro-oipuiisms  nuxlen) 
hygiene  has  attained  almost  the  diguity  of  an  exact 
science,  and  properly  merits  the  imjtortance  ami  pnimi- 
nencc  now  generally  aceorde*!  to  it.  From  studios  in 
tlie  dciraain  of  bacteriology  our  knowledge  of  the  causii- 
tion,  course,  and  prevention  of  infectious  diseases  is 
diiily  becoming  more  accurate,  and  it  is  uwdlcss  to  em- 
phasize the  relation  of  such  knowlwlge  to  the  niiiiiifold 
problems  that  pressep*  •'■"■•iselvcs   to   tlie   student  of 
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niddorii  mLilkniif.  Tlumgh  tlio  ctiiitriliiiliniiH  wliirli 
have  done  most  to  place  hactoriolog;-  on  the  fitotuig  <.f 
a  science  are  those  of  recent  years,  still,  ihiriiig  tiie 
earlier  Htiiges  of  its  development,  many  obHorvatifins 
were  made  which  formed  the  foundation-work  for  niiieh 
ihat  was  to  follow.  Before  regnlarly  Ijeginning  our 
studies,  therefore,  it  may  be  of  advantage  to  ac<iiiaint  our- 
selves with  the  more  prominent  of  these'  investigjitions. 

Antony  van  Loetiwenhoek,  the  first  to  describe  the 
bodies  now  rcci^nized  as  bacteria,  was  born  at  Delft,  in 
Holland,  in  1632.  He  was  noi  considered  a.  man  of 
liberal  education,  having  been  during  his  early  years  an 
apprentice  to  a  linendraper.  During  his  apprenticeship 
he  learned  the  art  of  lens^rinding,  in  which  he  Itecame 
80  proficient  that  he  eventually  perfected  a  simple  lens 
by  means  of  which  he  wai  enabled  to  see  objects  of 
much  smaller  dimensions  than  any  hitherto  seen  vriih 
the  best  compound  microscopes  in  existence  at  that 
date.  At  the  time  of  his  discoveries  he  was  following 
the  trade  of  linendmiwr  in  Amsterdam. 

Tn  1675  he  publishc<)  the  fact  that  he  had  riucceedctl 
in  perfecting  a  lens  by  means  of  which  he  could  detect 
in  a  drop  of  rain-water  living,  motile  "animalcules" 
of  the  most  minut£  dimensions — smaller  than  anything 
that  had  hitlicrto  been  seen.  Encouraged  by  this  d!,^ 
covery,  he  continued  to  csamine  various  substances  for 
the  presence  of  what  he  considered  animal  life  in  its 
most  minute  form.  He  found  in  sea-water,  in  well- 
water,  in  Ihe  intestinal  canal  of  frogs  and  birds,  and  in 
his  own  diarrhiBiil  evacuations,  objects  that  differenti- 
ated themselves  the  one  from  the  other,  not  only  l)y 
their  shape  and  size,  but  also  by  the  peculiarity  of 
motility  which   some  of  them   were   seen   to   possess. 
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In  tlie  year  1683  lie  discoveret!  in  the  tartar  scraped 
from  between  the  teetli  a  form  of  niioro-orgaiiisra  upon 
which  he  laid  special  stress.  Tliis  observation  lie  cm- 
bodied  in  the  form  of  a  amtribution  which  was  pretsented 
to  the  Royal  Society  of  Ix)ndon  on  September  14, 1683. 
This  paper  is  of  particular  importance,  not  only  because 
of  the  careful,  objective  nature  of  the  description  given 
of  the  bodies  seen  by  him,  but  also  for  tlio  ilhistnitions 
which  accompany  it.  From  a  [K'nisal  of  the  text  and  an 
inspection  of  the  plates  there  remains  little  room  for 
doubt  that  Ijeeiiwenhoek  saw  with  his  primitive  lens 
the  bodies  now  recognized  as  bacteria.' 

Upon  seeing  these  bodies  he  was  apparently  verj' 
much  impressed,  for  lie  writes:  "With  the  greatest 
astonishment  I  observed  tliat  everywhere  throiighont 
the  material  which  I  was  examining  were  distributed 
animalcules  of  the  most  microscopic  dimensions,  which 
moved  themselves  about  in  a  remarkably  cnerp;etic  way." 

This  discovery  was  shortly  followed  by  others  of  an 
equally  important  nature.  His  field  of  ob8cr\'ation 
appears  to  have  increased  rapidly,  for  after  a  time  he 
speaks  of  bodies  of  much  smaller  dimensions  than  those 
at  first  described  by  him. 

Throughout  all  of  Leeuwenhoek's  work  there  is  a 
conspicuous  absence  of  the  speculative.  His  contri- 
butions are  remarkable  for  their  purely  objective 
nature. 

After  the  presence  of  these  organisms  in  water,  in 
the  month,  and  in  the  intestinal  evacuations  was  made 
known  to  the  world,  it  is  hanlly  surjtrising  that  they 
were  immediately  seized  upon  as  the  explanation  of  the 
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ir'nfiu  iti'  many  oliHcurt-  iliwaflcH,  S«  uiiiv)'r»al  heouiie 
Uw  liclli^f  in  II  (^aiiHiiI  n'tiition  i)ot.w(!('n  these  "auimal- 
MlU-M  "  oikI  iIIm^im)  tliat  it  utiioiiiiUMJ  ulniofit  tu  a  germ- 
mutiit.  Il  liix!iiiiM4  till-  lii»lii<)ii  to  Miisjtect  tin-  presence 
ijf  tlmti!  iiftpiiiiiiiiiH  in  all  liirMtTi  ami  ItimU  of  diseai^, 
tiuipty  Ihiiiiim'  lln-y  liml  lii'i-n  <k'iiioiiMtrute(I  bi  the 
WWMtti,  iiiUitliiiiil  I'ViMMiittioiin,  mill  water. 

'FiuMUlii  ij«ft)illij{  iif  vulim  at  the  tlnit-  had  bren  done 
itt  liit  way  it(  I'liMwiftiuitlon,  ami  Mtill  Iuks  in  sejiarating 
MM^  UU-utifyiiti£  ih't  ini'iiilii'rH  nf  thin  large  group,  etill 
Itlti  ^itfUvnt  (iMrii  iif  llii-  iliiy  liiil  iiiit  lieailate  tii  ascribe 
to  (Jm-im  lUti  'nily  lli't  jirojiiirty  of  priHiiicinjr  iHithological 
t»m^iliinm,  l/iit  Miniti  vvitn  Wftnt  hi>  tar  uh  to  hnlil  that 
^/niiaiUm*  \n  llw  i»ya\\>Umw  of  (IImiim.-  wen;  the  result 
t^  iWWfnMVtm  III  Mk!  IM-Iiiivlor  of  iho  nrganiams  in  the 
liaMiM, 

Miimiw  Aiit<fiiiiiM  I'li'iici;^,  a  phyHtclan  of  Vienna  in 
M^'i,  iliu'lari'il  hiiiiH''lf  a  lirm  believer  in  the  work  of 
f^'ilwi-(ili<H-'k,  Hii'l  Iwwd  the  dtxrtrine  which  he  taught 
«|cni  llii'  diw'Jtvrii'i  of  tlic  Dutch  ol)srrvrr  and  upon 
nlMffvuttona  Iff  a  iviiillniialory  nature  wlitch  he  httutielf 
lull  riiiidc,  Tlu'  ilm-trinc  of  I'leneii!  tksHnmcd  a  causal 
fi'luliiin  lii'lwi'i'ii  llii'  niiiTiM>rKmii(inw  diwovered  and 
ilMi'rilHil  \iy  U-euwcnlinifk  ami  all  iuft'ctiuuH  diseases. 
Ill'  "IiiIiiiimI  iIiiiI  Ihi'  iriati;riul  of  infection  could  be  noth- 
ili|{  i'Ih<  lliapi  a  liviiiK  Mibrdance,  and  endeavored  on 
ltti>»'  tfroiiiiilH  to  i-9i|ilain  tin-  varintiuiiH  in  the  period  of 
lui'itlKiUiiii  itl'  lilt'  ilil1i<r<-nt  iiifcetiouHdifieases.  He  like- 
«W  Ih'IIi'ViiI  tlir'  livinjt  eonlngiuni  to  be  eapuble  of 
■wUHilliwlliHi  williiii  the  \»<t\\,  and  H|iokc  of  theiMtssi- 
Wkj  i4'  tu  intlioiiii'U'iiin  llinm^h  the  air.     He  claimed 

•  •(^■W  ip-mi  for  inicli  disciii«<',  holding  lliat  just  as  from 

•  ffn*  \tfm\  .mlv  oiii'  kind  of  gniiii  can  gniw,  !^o  by 
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the  special  germ  for  each  disease  only  tliat  disease  can 
be  prmhiced. 

He  found  in  all  decomposing  matters  innumerable 
minute  "  animal  en  Ite,"  and  was  so  (irmlv  convincal  of 
their  etiological  relation  U}  the  pnxiess  that  he  fiirmu- 
Iftled  the  law :  that  decomposition  can  only  take  place 
when  the  decomposable  material  becomes  coated  with  a 
layer  of  tlie  organisms,  and  can  proceed  only  when  they 
increase  and  midtiply. 

However  convincing  the  arguments  of  Plenciz  may 
appear,  they  seem  to  have  been  lost  sight  of  in  the 
course  of  subsequent  events,  and  by  a  few  were  even 
regardeil  as  the  pnxluctions  of  an  unbalanced  mind. 
For  example,  as  late  as  1820  we  find  Ozanam  express- 
ing himself  on  the  subject  as  follows  :  "Many  authors 
have  written  concerning  the  animal  nature  of  the  con- 
tagion of  disease;  many  have  indeed  itssume<l  it  to 
be  develoi>e<l  from  animal  sulwtances,  ami  that  it  is 
itself  animal  and  possesses  the  pro]K-rty  of  lifi';  I 
shall  not  waste  time  in  effort  to  refute  these  absurd 
hypotheses." 

Simitar  expressions  of  opinion  were  heard  from  many 
other  medical  men  of  the  time,  all  tending  in  the  same 
direction,  all  doubting  the  possibility  of  these  micro- 
scopic creatures  belonging  to  the  world  of  living  things. 

It  was  not  until  between  the  fourth  and  fifth  decades 
of  the  present  century  that  by  the  fortunate  coincidence 
of  a  number  of  important  discoveries  the  true  relation  of 
the  lower  organisms  to  infectious  diseases  was  scientifi- 
cally pointed  out.  With  the  investigations  of  Pasteur 
upon  the  cause  of  putrttfoction  in  beer  and  the  souring 
of  wine ;  with  the  discoverv'  by  Pollcnder  and  Piivaine 
of  the  presence  of  rod-shaped  organisms  in  the  blooii  of 
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of  knowledge  u|wii  the  purusitic  nature  of  certHiii  die- 
t-asws  of  plants,  the  old  qiiestiuu  of  "  coiitagium  ani- 
iiiatuin  "  again  began  to  receive  attention.  It  was  taken 
up  by  Henle,  ami  it  was  he  wlio  first  logically  taiiglit 
this  doctrine  of  infection. 

The  main  pt»int,  however,  that  had  occnpied  the  atten- 
tion of  scientific  men  from  time  to  time  for  a  period  of 
about  two  hnndroil  years  subsequent  to  I^ecuwenhoelt'B 
diMuveries  was  the  origin  of  these  bodies.  Do  they 
generate  spontaneously,  or  are  they  the  desceudantR  of 
pre-fxiKting  creatures  of  the  same  kind?  wns  the  all- 
im|X>rtant  qnostiun.  Among  the  earlier  pailieipants 
in  this  dificuswiou  were  many  of  the  most  distinguished 
mon  of  the  day. 

In  1749  Needham,  who  held  firmly  to  the  opinion 
that  the  bodies  which  were  attracting  such  general  atten- 
tion developed  spontaneously  as  the  result  of  vegetative 
changes  in  the  substances  in  which  they  were  found, 
atteni}»t<'<]  to  demonstrate  by  experiment  the  grounds 
upon  which  he  held  this  view.  He  maintained  that 
the  bacteria  which  appeared  about  a  grain  of  barley 
gi-nninnting  in  a  carel'ully  covered  wateh-erystal  of 
water  wenr  the  result  of  changes  going  on  in  the  barley- 
({fain  itself,  incidental  to  its  gcrniinution. 

S]>allan/ani,  in  l"6iJ,  drew  attention  to  the  laxity  of 
the  uieth'nis  employed  by  Needham,  and  demonstrated 
tliiit  if  infusions  i>f  decomiwsablc  vegetable  matter  were 
plniy-d  in  flasks,  which  wore  then  hermetically  sealetl, 
flml  llio  flai^ks  and  their  contents  heated  for  a  time  in  a 
Vi«M>l  of  iMiiling  water,  neither  could  living  organisms 
U  <U**U-<I  nor  would  decomposition  appear  in  the  infu- 
4nh*  m  u«iii.il.    The  iilijcctioii  raiseil  by  Treviranus, 
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viz.,  that  tlie  liigh  tompersiturfi  to  which  the  infusions 
had  been  siibjoctinl  had  so  altered  them  and  the  air 
aljout  them  that  the  conditions  favomble  to  ^[luntancons 
generation  no  longer  existed,  was  promptly  met  by 
Spallanzani  when  lie  gently  tapped  one  of  the  flasks 
that  had  been  lx)ilcd  against  a  hard  objn^t  until  a 
Iminute  crack  wa»  produced;  invariably  oi^nismii  and 
;decomi)osition  appeared  in  the  flask  thus  treated, 
I  From  the  time  of  the  experiments  of  Spidlanzaui 
until  as  late  as  1S36  but  little  advance  was  made  in  the 
elucidation  of  this,  at  that  time,  oI>seure  problem. 

In  1836  Schulze  attracted  attention  to  the  subject  by 
the  convincing  nature  of  his  investigations.  He  showe<l 
that  if  the  air  whicli  gained  access  to  boilerl  infusions 
be  robljcd  of  its  living  oi^nisms  by  first  passing  it 
through  strong  acid  or  alkaline  solutions  no  decom- 
position occurred,  and  living  organisms  could  not  be 
detected  in  the  infasions.  Following  quickly  npon 
this  contribution  came  Schwaim,  in  1837,  and  somewhat 
later  (1854)  Schroder  and  Dusch,  with  similar  results 
obtained  by  somewhat  different  means.  Schwann  de- 
prived the  air  which  passed  to  his  infusions  of  its  living 
particles  by  conducting  it  through  highly  heated  tubes ; 
whereas  Schroder  and  Dusch,  by  means  of  cotton-wool 
inteqxised  between  the  boiled  infusions  and  the  outside 
air,  robbed  the  air  imssing  to  the  infusions  of  its  organ- 
isms by  the  simple  process  of  filtration.  In  1860  Hoff- 
mann and  in  1861  Chevreul  and  Pasteur  dcmonstralctl 
that  the  precautions  taken  hy  preceding  invesfigiitors 
for  rendering  the  air  which  entered  tliesc  flasks  free 
from  bacteria  were  not  necessary ;  that  all  that  was 
necessary  to  prevent  the  access  of  bacteria  to  the  infu- 
sions in  the  flasks  was  to  draw  out  the  neck  of  the  flask 
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intu  A  dm-  tulic,  homl  it  down  itlon^r  tlic  side  of  the  | 
lluijk,  ami  thi'ii  bond  it  up  ugiiin  a  few  ccntlnictros  from  J 
itH  extremity,  and  \i^ve  the  niuiitli  0|)on.  The  infiisioa  I 
wiw  then  to  be  boiled  in  the  flask  thus  prepared  and  the  ,1 
mouth  of  the  tube  lefl  open.  The  orgauisms  which  i 
now  fell  into  t!ie  open  end  of  the  tube  were  arrested  by  I 
the  drop  of  wut^r  of  condensation  whieh  collected  at  Its  ] 
lowest  angle,  and  none  could  enter  the  flask. 

While  from  our  modern  standpoint  tlie  results  of  I 
these  investigations  seem  to  be  of  u  most  convincing 
nature,  yet  there  were  many  at  the  time  who  required 
additional  proof  that  " npuntaneoua  generation"  was 
not  the  explanation  for  the  mysterious  appearance 
of  these  minute  living  creatures.  The  majority,  if 
not  all,  of  such  doubts  were  subsequently  dissipated 
through  the  well-known  investigations  of  Tyndall  upon 
the  floating  matters  of  the  air.  In  these  studies  he 
demonstrated  by  numerous  ingenions  and  instniotive 
cxperimente  that  the  presence  of  living  oi^nisms  in 
decomposing  fluids  was  always  to  he  explained  either 
by  the  pre-existence  of  similar  living  forms  in  the  infu- 
sion or  upon  the  walls  of  the  vessel  containing  it,  or 
by  the  infusion  having  been  exposc^l  to  air  which  had 
not  been  depri\ed  of  its  viable  organisms. 

Throughout  all  the  work  bearing  upon  this  subject 
from  the  time  of  Spnllanzani  to  that  of  Tyndall,  certain 
irregularities  were  constantly  appearing.  It  was  found 
that  particidar  substances  required  to  ]m  heated  for  a 
much  longer  time  than  was  needed  to  render  other 
substances  free  from  li\'ing  nrgani.Jms,  and  even  aft:«r 
the  most  careful  pre<'autionB  deconii>oaition  would  occa- 
sionally occur. 

In  1762  Bonnet,  who  was  deeply  interested  in  this 
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subject,  SHggostod,  in  nifcrence  to  tho  n'siilts  obtninetl 
by  Newlham,  tlic  |ios,-iibility  oi"  Ibo  fxir^tciice  nf  "ip-niis 
or  their  egf^,"  wliicli  linrl  the  jxiwor  to  resist  the  ti'm- 
peratiire  to  wliich  some  of  tlio  infusions  eini)l"yMl  in 
Ncedbam's  experiments  bad  Ixrii  snbjrt-to(b 

More  than  a  hundred  years  af\cr  R^muct  IijkI  in- 
du1fre<l  in  this  pure  six-culalion  it  In'ouiie  the  happy 
privilt^  of  Kenlinand  C'obu,  of  Bi-eHhui,  to  demoiislnite 
■til  accuracy  and  iniitortaiicc. 

Cohn  repeate<l  the  foregoinp  experiments  with  like 
results.  He  conelii(h>«l  that  tlie  irnyidarlties  could 
only  be  due  tti  oitbor  the  existcnee  of  more  resLstaut 
RpecicH  of  bacteria  or  to  more  n'sistant  stages  into 
which  certain  Iiaeteria  Iiavc  tlio  projx'rty  of  jiassiug. 
He  demonstrated  that  certain  of  the  HMl-shaped  orgsm- 
ismn  possess  tlie  j)ower  of  passing  into  a  resting-  or 
spore-stage  in  tlie  course  of  their  life-cycle,  and  when 
in  this  stage  they  are  much  less  suseejitiblc  to  the  delc- 
terioas  action  of  high  temi>erature8  than  when  they  are 
growing  as  normal  vegetative  forms.  With  the  discov- 
ery of  these  more  resistiint  spitres  the  doctrine  of  sjwn- 
tancous  generation  reeeivo<l  its  death-blow.  It  was  no 
longer  difficiilt  to  explain  the  inconsistencies  in  the  re- 
Bult«  of  former  investigations,  nor  was  it  any  longer  to  be 
donbted  that  putrefaction  and  fermentation  were  the  re- 
sult of  bftctcrial  life  and  not  the  cause  of  it,  and  that  these 
bacteria  were  the  offspring  of  pre-existing  similar  forms. 
In  other  words,  the  law  of  Har\-ey,  Oaivf  tlrum  ex  ovo, 
or  its  modification,  Omiie  rirum  ex  rim,  was  shown  to 
apply  not  only  to  the  more  highly  i>i^.niized  mendiers 
of  the  animal  and  vegetable  kingdoms,  but  to  the  most 
microscopic,  uniccHular  en-aturcs  as  well. 

The  establishment  of  ibis  ]K)int  served  as  an  impetus 


to  further  investigations,  and  aa  the  all-important  qiiea- 
tiim  was  that  concerning  the  relation  of  these  micro- 
scopic organisms  to  disease,  attention  naturally  turned 
into  this  channel  of  study.  Even  before  tiie  hypothesis 
of  sjmutaneous  generation  had  received  its  final  refutation 
a  numher  of  observations  of  a  most  important  nature  Iiad 
been  made  by  investigators  who  had  long  wince  ceased  to 
consider  spontaneous  generation  as  a  tenable  explanation 
of  the  origin  of  the  microscopic  living  particles. 

In  the  main,  these  studies  had  been  conducted  upon 
wounds  and  the  infections  to  which  thoy  are  liable;  in 
fiict,  the  evolution  of  our  knowledge  of  bacteriology  to 
its  present  development  is  so  intimately  associated  M'itii 
this  particular  line  of  investigation  that  a  few  historical 
fects  in  connection  with  it  may  not  be  without  interest. 

The  ol>servations  of  Bindfleisch,  in  1866,  in  which 
he  describes  the  presence  of  small,  pin-head  points  in 
the  myocardium  and  general  musculature  of  individuals 
that  had  died  as  a  result  of  infected  wounds,  mpreseiit, 
probably,  the  first  reliable  contribution  to  this  subjeiit. 
He  studied  the  tissue-changes  roimd  about  these  points 
up  to  the  stage  of  miliary  abseess-fornuition.  He  refers 
to  the  organisms  as  "  vibrios."  Almost  simultaneously 
von  Recklinghausen  and  Waldeyer  desrribo*!  similar 
changes  that  they  had  observed  in  pytemia  and,  occa- 
sionally, secondary  to  typhoid  fever.  Von  Reckling- 
haasen  believed  the  granules  seen  in  the  abscess-points 
to  be  micrococci  and  not  tissue-detritus,  and  gave  as 
the  reason  that  they  were  regular  in  size  and  shape,  and 
gave  specific  reactions  with  particular  staining-fluids. 
Birch-Hi rschfeld  was  able  to  trace  bacteria  found  in 
the  blood  and  organs  to  the  wound  as  the  point  of  en- 
trance, and  believed  both  the  local  and  the  constitutional 
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condition  to  stand  in  direct  ratio  to  the  number  of  spher- 
ical bacteria  present  in  the  ^voull<l.  He  observed  also 
that  as  the  organisms  increased  in  number  they  could 
often  be  found  within  the  bodies  of  pus-coq)useles. 
His  studies  of  pysemia  led  him  to  the  important  con- 
clusion that  in  this  condition  micro-organisms  were 
always  present  in  the  blood. 

Of  immense  importance  to  the  subject  were  the  in- 
vestigations of  Klebs,  made  at  the  Military  Hospital 
at  Carlsruhe  in  1870-'71.  He  not  only  saw,  as  others 
before  him  had  seen,  that  bacteria  were  present  in  dis- 
eases following  infection  of  wounds,  but  described  the 
manner  in  which  the  organisms  had  gained  entrance 
from  the  point  of  injury  to  the  internal  organs  and 
blood.  He  expressed  the  opinicm  that  the  spherical 
and  rod-shaped  bodies  which  he  saw  in  the  secretions  of 
wounds  were  closely  allied,  and  he  gave  to  them  the 
designation  "  microsporon  septicum."  He  Ijelieved  that 
the  organisms  gained  access  to  the  tissues  round  about 
the  point  of  injury  both  by  the  aid  of  the  wandering 
leucocytes  and  by  being  forced  through  the  connec- 
tive-tissue lymph-spaccs  by  the  mechanical  pressure  of 
muscular  contraction. 

On  erysipelatous  inflammations  secondary  to  injury 
important  investigations  were  also  being  made,  Wihle, 
Orth,  von  Recklinghausen,  Lukomsky,  Billroth,  Ehr- 
lich,  Fehleisen,  and  others  agreeing  that  in  these  con- 
ditions micro-organisms  could  always  be  detected  in  the 
lymph-channels  of  the  subcutaneous  tissues ;  and  through 
the  work  of  Oertel,  Xassiloif,  Classen,  I^etzcrich,  Klebs, 
and  Eberth  the  constant  presence  of  bacteria  in  the 
diphtheritic  deposits  at  times  seen  on  open  wounds  was 
established. 
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Simple  and  natiinil  as  all  tliis  may  scfin  to  us  now, 
the  stage  to  wliicli  tlu^  sul.Jwt  \\nd  <h■\^■U^»■a  wlicu  tlifse  [ 
observations  wmv  ni'iirikil  lii'l  tml  adiuii  nf  ilivir  meet-  I 
ing  with  uncoTiilitioiiiil  ai'i-rjiUuuT.  TIk:  only  strong 
argument  in  favor  of  tlie  ctii domical  rdatiuD  of  tlie 
oi^anisms  that  had  been  wficn  to  the  diwasf^  with  ivhich 
tliey  were  asMxriuted  was  the  eonstaiicy  of  tluM  a^uiHK-ia- 
tion.  No  effbrifl  had  been  made  to  isolate  them,  and 
few  or  none  to  reprodnee  tlie  jiatholo^ritijil  conditions  hy 
inoculation.  Moreover,  not  a  small  number  of  inves- 
tigators  were  skeptieal  us  t^i  the  importance  of  these 
crf)8vrvatiuns ;  many  claimed  that  niicm-organismR  were 
normally  present  in  the  blood  and  ti.-^sues  of  the  body  ; 
and  «ome  even  urged  tliat  the  organisms  seen  in  dis- 
ohmmI  conditions  were  the  result  rather  than  the  cause 
of  the  mnludies.  It  is  hardly  necessary  to  do  more 
than  say  that  Iwth  of  these  views  were  purely  specula- 
tive, and  have  never  had  a  single  reliable  experimental 
artfimient  in  their  favor.  Billroth  and  Tiegel,  who  held 
U>  the  fliriuer  opinion,  did  endeavor  to  prove  their  posi- 
tion thningh  exi>erimental  means  ;  but  the  methods  em- 
ploye) by  them  were  of  such  an  untrustwortliy  nature 
lluit  llie  fiilhiey  of  deductions  drawn  from  them  was 
vwy  (piielily  made  manifest  by  nubsequent  investifjators. 
Tlwir  mellHKl  for  demonstniting  the  presence  of  micro- 
iNrguiiftmn  in  normal  tissues  was  to  remove  bits  of  oi^ns 
ftum  th«  healtliy  animal  bwly  with  heated  instruments 
■dJ  dnn>  ihem  into  hot  melted  paraffin,  they  holding  that 
aU  livinj;  or^tauiMns  on  the  surface  of  the  tissues  would  be 
•l»»»niywi  W  the  hijib  temi>cniture,  and  that  if  decom- 
pneitknt  i4iMil<l  subsequently  occur  it  would  prove  that 
it  in»  ll»B  nrsoll  of  the  K"'«tll  of  1  meteria  in  the  depths 
"C  dw  ti»8WBf  Ui  which  tlie  licat    had   not  penetrated. 
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Decomposition  did  usually  set  in,  an<l  they  aeeept(»d 
this  as  pro;)f  of  the  accuracy  of  their  view.  Attention 
was,  however,  shortly  called  to  the  fact  that  in  ciK)!!!!^ 
there  was  contraction  of  tlie  |)anitlin,  resulting  usually 
in  the  production  of  small  rents  and  era<'ks  in  which 
dust,  and  l)acteria  lo<lgcHl  upon  it,  c^tuld  aecuinulat(i  aud 
finally  gain  access  to  thci  tissues,  with  the  o(M*urrene(j  t»l' 
decomposition  as  a  consequence.  Their  results  wen' 
thus  explained  after  a  manner  analo<|:ous  to  that  (em- 
ployed by  Spallanzani,  in  17GJ),  in  deinoustratiiijj;  to 
Treviranus  the  fallacy  of  the  opini<m  held  by  him  and 
the  accuracy  of  his  own  vi(»\vs,  viz.,  that  it  was  always 
through  the  Jiccess  of  or«j;jiuisuis  fn>m  without  that  de- 
composition primarily  originatcnl.     (See  page  2o.) 

Under  careful  precautions,  agjiinst  which  no  ol)j<»(!ti<m 
could  be  raised,  the  experiments  of  Billroth  and  Tiegel 
w^ere  repeated  by  Pasteur,  Burdon-Sanderson,  and  Klebs, 
but  with  failure  in  everv  iiistancic  to  dcmonstniti*  the 

ft' 

presence  of  bacteria  iu  the  healthy  living  tissu<'s. 

The  fundamentiil  researches  of  K(K*h  (ISSl)  upon 
pathogenic  bacteria  and  tlu^ir  rehition  to  the  inftM'tious 
diseases  of  animals  diller(?d  from  those  of  preceding 
investigators  in  many  important  respects.  Th(»  s(m'<mi- 
tific  methods  of  aualvsis  with  which  each  and  <everv 
obscure  problem  was  met  as  it  arose  served  at  once  to 
distinguish  him  as  a  j)ion<?er  in  this  hitherto  l)nt  imper- 
fectly cultivated  domain.  The  outcome  of  these  inves- 
tigations was  the  establishment  of  a  foun<lation  \\\m)\\ 
which  the  l)a<rt<*riologv  of  the  future  was  to  rest.  He,  for 
the  first  time,  dem(mstnit<'d  that  distiur^t  varieties  of  infec- 
tion, as  evi<lenced  l)y  anatomi<*al  changes,  are  due  in  many 
cases  to  the  activities  of  specific;  micro-organisms,  and 
that  by  pn)per  metho<ls  it  is  |K)Ssible  to  isolate*  these 
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tir$HHi*M»  III  |Hin«  Cfllnirt',  (•■  (Hillivud^  flinn  intU>liiut(-1y 
ffwIfF  Htt>Hi>M  lUiliilllloiiK,  III  i-i')iiiiiliii><-  tlir  U'siotis  by  ] 
im-»i'itU»t  iif  flii-wi  iiiirc  Kiiltiinw  riilii  BUWH'ptible  ani- 
mi",  «mt  tn  I'HOUm'  Mii>  iWiuuiiu'  (il  will  liy  t-oiitinuDUS  I 
^ftHMiUlUm  ttmit  nil  liihx'liil  In  II  iK^iilttiy  aiiiiiijil.     Ity 
fflW  lwO*'i»U  fllfll  ll<<  i<lii|ilii>'i<>l   III'  ili'iiiniiHtllitcil  It  serieti 
utinflHtHli'  iimI  (II'IImhI  <IUi<M"t'M  tliiil  I'titi  Ih<  (iriKliK'otl  in 
NffM.  Hffwl  fiilrfilU   liy  llii<  li\|in'tl<>ii  of  |>iitriil  i^ulistaiKtv  { 
iMtt  itti'tr  t\»<m»-.     'I'll!'  dUiwi'  liiioH'ii  UN  !ic|iiiiiciiiiii  of 
Mit*i  /^(t^»l^Wl   It  ilUiHiwi  (iliiiltu'tt'Hml    !>>■   pr(,^rrssi\-o 
kImM-m  ^''fftlrttl'ill,  mill   |',vii'iiilii  mill  ■I'liliiti'iiUH  of  mb- 
Mt»,  m'tti  itmiuti  (lit'  (illl«i|liili»  111-"!  ihimIiiwI  by  him  in 

<(l^l  Witt      U  »"«  III   lit"  ' "f  "I"  "'i"  »■"'■'*  that  tlie 

/♦Mtfi  »y»U'W  tit  inilt-lliui'  (mmmIhIIjiIiih  iiii|iiinihi9  was  first 

IfM.fl  Iff  intti-tillUnty  I  llirti  (I iillltU'  "lycB  suggested  by 

H'liflffiM  Wl-U'  Umiifhi  Into  Kctmml  liw;  timt  the  is<)la- 
iiuti  Ht»\  (tllHuidiili  "/'  Iwi'l'i  In  In  JiiiH'  c^iillnre  on  solid 
HW'llN  »KJfi'  "Imttll  I"  !«'  |N"-ibl''i  ""<l  tl'at  animuk 
HTtti  Hftl|lt")'lil  1*1  1  'il'"'l-  "f  "til«lning  from  mixtures 
(lllfl'  l'*llM»'l"<  III'  («llli'(tfi'itl"  litii'l'Tln. 

Willi  Hit'  liliHllli'l'lH'  liitrnil  of  "rliriiml  and  important 
HllttMltilllHllN  llllll  »«•  Hiii|Niil  Iri.lii  K'K-liV  classical  series 
III' f||Hnill«Mllimii  lmi'ltirl"li<Kt  ri'iiili.'d  an  ei>och  in  its 
llmf|n|lll|ii|li,  mill  III  lIlU  IP't'l"-!  iiM-l'ni  bacteriology 
HIIU  Ill-tU  t"'  ""''I  I"  1'"^"  '""'  ''"  '"'■"'■ 

NlIU'      I   Imvn  I ■milii'l  i"ily  '!"■  ""'"t  pniminoiit 

WvlHl**!!''""  lint'  "I"  ""f'"  '"  '"'"'■"'"  f'«'  ■'"'■»  i'o»g 
*\\W^\  U*l  t>»ll|i>i'l  ll'l«  ili'V"l<.|M'-l.  K'.r  It  more  detailed 
*svv\*ui  ..>»  ith    lii.ii.iUiiil  <|i<viil«| -lit  of  tlie  work  the 

V  .  1    I,,    Lhlllni'M    liiNlnictive  iind  enter- 

V  .  I.,.,'  till'  f/fmtiliMitlirlir,  KnUrii-keliniff 
'^        .     .   ,  ,.,  ,  (U^iJfit.iil*""  wtiMi  1  have  drawn 


CHAPTER  I. 

DeSDitioD  of  bacteria— Theii  place  in  natDTC — Differences  betweeu 
painHiles  and  sap rophy tea— Nutrition  of  bacU'rin— Produttsof  bac- 
teria— Their  relation  to  oiygen — Influeiice  uf  temperature  upon 
their  growth. 

Bfx:AUSE  of  their  capacity'  for  developing  in  infiisiona, 
tlifir  property  of  spore-forniation,  their  rewistance  la 
drying,  their  |H>wor  of  independent  motion,  and  the 
absence  of  chlorophyll  from  their  tissne^,  bacteria  (more 
pro[)erly  baeteriacem  or  schizomycetes)  were  regarded  hy 
the  older  writers  aa  infusoria.  In  the  modern  coucei)- 
tion,  however,  this  classification  is  untenable,  and  t)ie 
iKicteria,  by  virtue  of  their  distinguishing  peeulinritier:, 
ai-c  now  treated  as  a  group  by  themselves  that  may 
briefly  be  defined  as  comprising  microscopic  iinicelhilur, 
vegfttable  organisms  that  multiply  by  the  process  of 
transverse  division. 

In:ismitch  as  bacteria  are  not  possessed  of  chloro- 
phyll,' their  metabolic  processes  are  fundamentally  dif- 
ferent from  those  of  the  higher  plants  in  which  it  is 
jiresent.  They  cannot,  as  in  the  case  of  the  green 
plants,  obtain  carbon  and  nitrogen  from  such  simple 
bodies  as  carbon  dioxide  and  ammonia,  but  are  forced 
to  secure  these  essential  elements  from  or^nic  matter 
as   sueli.      This  power   to   decompose   and    assimilate 

'  Chlorophyll  is  the  firecn  colorinn-mattpr  posscised  hy  the  liiKbcr 
plants  by  ineanii  of  which  Ihey  are  cnobU'd  in  the  presence  of  9inili)(lit 
to  decompose  carbonic  acid  ICOi)  and  amaionia  {THHj]  into  their  cle- 
aeotary  constituenlB. 
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organic  mattf^r^  it*  eignally  different  in  diftei'oiit  spocips 
of  bacteria,  and,  singular  to  nay,  tlit^re  is  a  Mnall  group 
(to  be  described  later)  from  which  this  function  is  appar- 
ently absent,  in  8]>itc  of  the  feet  that  no  conijH'naat*jry 
chlorophyll  is  discernible  in  their  tissues. 

In  the  case  of  certain  bacteria,  in  fact  the  majority, 
the  Nounte  of  food-supply  must  of  necessity  be  dead 
organic  matters,  Im;  those  of  animal  or  vegetable  origin. 
They  ainnot  exist  in  the  presence  of  living  tissues.  To 
(lie  members  of  this  group  the  designation  mprophfftic 
or  vielatrophh  (A,  Fischer)  Is  given.  To  that  group 
thet  can  exist  only  upon  living  organic  matters,  and 
herein  lieloug  many  (not  all)  of  the  disesse-producing 
bai^'ria,  tlie  apjKllation  paiasiUc  or  paratrophic  (A. 
Fi«clier)  is  applied ;  while  for  the  few  species  that 
either  ilo  not  require  oiiranic  matters,  or  do  not,  so  far 
UM  \n  known,  have  the  faculty  of  decomposing  and 
UMxiinilatinfr  protcid  stuffs  at  all,  the  name  proto- 
liiiphk  \n  "Uffgcated  by  Fischer.  In  the  strict  sense 
of  the  word,  a  parasite  or  paratroph  can  exist  only  in 
Mill  iNidyofa  living  host,  and  a  saprophyte  or  metatroph 
iinty  ii|)on  llfelexs  organic  matters,  and  such  oblUjaie 
\nnv\\r'*  and  Ma|irr>])Iiytea  arc  known;  but  in  the  major- 
ilv  of  tiitHi-n  Huch  nurritive  conditions  are  not  obligatory, 
inmiy  of  bi'lh  MH'lntroplis  and  paratrophs  having  the 
|uiwi>r  (ii  iidii]il  llii'iiiM'lvos  to  conditions  other  than 
lluxtf  fiU'  whli'ii  llicy  arc  by  naliirc  Itest  fitted  ;  thus,  for 
iimtniKi'i  ifriiilii  <>pi-<'ii'>4  (Imt  exhibit  their  most  impor- 
Itinl  (>ri<tM-rtii-4  nmliT  nondillons  of  parasitism  may, 
wir^wMhwlwN  U«d  n  incUitro|iliic  cxtsttnee  when  circum- 
•iuHuiMt  it,  hikI,  on  llie  other  hand,  particular 
*-  tMiaIN  ttK'Iain'ithii-  by  nature  may  find  condi- 
^vontblv  kj  ihWr  development  In  a  living  host. 
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To  such  adaptable  species  the  designation  "facultative" 
is  given,  and,  when  employed,  signifies  that  the  species 
in  question  has  the  faculty  of  adapting  itself  to  condi- 
tions other  than  those  in  which  it  is  usually  encotni- 
tered.  In  this  sense  all  of  the  disease-producing  Iwo- 
teria  that  can  be  cultivated  artificially  are  manifestly 
facultative  metatrophs  or  saprophytes. 

The  life-processes  of  bacteria  are  so  rapid,  complex, 
and  energetic  that  they  result  in  the  most  profound 
alterations  in  the  structure  and  composition  of  the 
materials  in  and  upon  which  they  are  developing. 

Decomposition,  putFefaction,  and  fermentation  result 
from  the  activities  of  the  metatropliic  bacteria  ;  while 
the  changes  brought  about  in  the  tissues  of  their  living 
host  by  the  purely  parasitic  forms  fin<l  expression  in 
disease-processes,  and  not  infrequently  in  complete  death. 

The  r61e  played  in  nature  by  the  metatrophs  is  a  very 
im{iortant  one.  Through  their  functional  activities  the 
highly  complicated  tissues  of  dead  animals  and  vege- 
tables are  resolved  into  the  simpler  compounds,  carbonic 
acid,  water,  and  ammonia,  in  which  form  they  may  be 
taken  up  and  appropriated  as  nourishment  by  the  more 
highly  organized  members  of  the  vegetable  kingdom. 
It  is  through  this  ultimate  production  of  carbonic  acid, 
ammonia,  and  water  by  bacteria,  as  end-products  in 
the  processes  of  decomposition  and  fermentation  of  dead 
animal  and  vegetable  tissues,  that  the  demands  of  grow- 
ing vegetation  for  these  compounds  are  supplied. 

The  chlorophyll  plants  do  not  possess  the  power  of 
obtaining  their  carbon  and  nitrogen  from  such  highly 
organized  and  complicated  substances  as  serve  for  the 
iiutritionof  bacteria,  and  as  the  production  of  tho  simpler 
compounds,  carbon  dioxide  and  amninnia,  by  the  animal 


.  ,..Jh««>>i.iimfci  t»iii><ri>..tfc- 
'  »!■■      ■<£■  Ife  |iil|hj    I  br 


l»   '• 

W> 

tWIMII  •>  "' 

lu  llw  II 

In  Hi.'if  "LI 
wi|ilwl  li.v  tl'i' ' 

lyliaiiutliv 


liixv<t,v  jMisonous 

,  1,1     li    .1.     1      MV   DIMtttllM' 

,.  (II  1  in  lilitl  lit*',  till'  jHwitionsoc- 
tiiii.  Uiui,ai\  illlHiltilll  iflMlllis,  tlu'  sap- 
ji  ll»inl,  l"«l  ll»'  |»ii>i"il.*  uli  till'  otlur, 


W  »«  "•"'«  '  *     ,  1,,,,, „,| r..m.il.»  ..fall  .l««l 


THFAR  PLACE  IS  NA  TURK  35 

oi^nic  substauces ;  while  the  parasitic  group  exists 
only  at  the  expense  of  the  more  highly  org;inize<I  nieiu- 
hera  of  both  the  animal  and  vegetable  kingdnmM.  It  ia 
to  the  parasitic  group  that  tlie  pathogenic'  oi^uisms 
belong. 

In  addition  to  the  metatropiia  that  are  concerned  in 
the  changes  to  which  allusion  has  just  been  made,  there 
exist  others  whose  life-processes  result  in  specific  chiinges 
of  most  interesting  and  important  natures.  Some  of 
these  are  characterized  by  their  property  of  prnducing 
pigments  of  different  color  j  theise  are  known  as  the 
ekromogenic^  forms.  Just  what  the  biological  signifi- 
cance of  the  pigment-producing  function  is,  cannot  Ije 
said,  but  the  fact  that  many  of  the  chn)m(igenic  species 
are  richly  endowed  with  proteolytic*  activity  makes  it 
probable  that  they  are,  in  common  with  other  nieta- 
trophs,  concerned  in  the  omnipresent  process  of  disinte- 
gration in  progress  in  all  dead  organic  matters,  and 
that,  after  all,  their  power  to  produce  colors,  though 
conspicuous,  is  of  but  subordinate  importance.  From 
the  investigations  of  Beyerinck  it  would  seem  that  in 
some  of  the  cliromogenic  forms  the  pigment  is  an 
integral  part  of  the  bacteria  themselves ;  in  others  that 
it  is  an  excretory  product  of  species  that  arc  them- 
selves colorless;  while  in  still  others,  that  it  is  an 
excretory  product  which  remains  intimately  associated 
with  the  bacterial  cells  and  in  part  or  wholly  stains 
them. 

Others,  the  so-called  photogenic  or  phosphorescent 

'  PathojEcnic  organiBma  are  those  which  posaeas  thp  [iropjrty  of  pro- 

'ChromoKenie;  ponseaaing  Ihe  iinj]ierty  of  produdiig  ™lor. 
•  Proteolytic  :  the  power  of  dinsolving  or  digesting  proteids. 
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lb«   pmfwtiv  of  pmducing  light  or 
;  iIm-  ntMliuED  t/n  wliicb  tfaey  grow  b^  ' 
tmxaexr.    Thf^e  an  UmaA  in  eof  I 
•ni4*T  mhI  n  AMunpcMctog  plifj^jiborcfcent  fi^  aod  ' 

NtjJI  t^hft*,  tlw  ftn-cn)}^  tymoffmie  batrteria,  are  coq- 
MtTMMl  iff  tl**  vnrNMiK  rmnt-ntali'iiMi,  kucIi,  fur  instance, 
AMI  tifvtit^',  UuffT',  ami  \nitvTv-iu:id  fermentations;  and 
umny  'if  th*-  iwliwlrieo,  aiich,  Oir  example,  as  those 
tmuf^nmi  m  \\tf  MtnkiiiK  "f  wino,  beer,  ehecsc,  butter, 
•wl  inr)»K"<  «w  tatir*:  or  Ie«*  i|ini-t1y  rlppcndcnt  upon 
llw  )i-nwirt«ti"W  0«t  aiMMiropanirti  tin*  Rrontli  of  i»ecu- 
IWr  *f«<W  Iff  lioi't'^ia  ill  lIuHM-  nuibrialK. 

Oliwr  #(n'i»^i  "f  Jj«/1j-ria  Iil>erat4'  in  the  course  of 
(Iw-ir  ((W'Wb  wl'il'I'*  iir"ti«)Iytip  fcmu-ntx  or  enzymes, 
nutr*-  IT  I*"  iinnlfij(f»ii»  to  [MiMin  iimi  irjjwin  in  their 
ueiiim  U]n*tt  |>r<fl''i<I'< ;  while  titherH  i^-neVate  ferments 
fUtnititpntit  Ut  tliibataw  iirxl  tii  invertin  :  the  former  eon- 
vrtlinx  ntnri-U  into  siiKur,  umi  die  latt^^r  having  the 
fKmrr  iif  t-mvuTtitiK  «tin;-  inttj  gniiie-eugar. 

'riw  mipr'iytnw  Iwet^-ria  arc  thrjsc  timt  produce  the 
mtitcn\ar    femwrnditiwn    that   we    know   as    putrefae- 

Awrfhi-r  very  ini|Mjrtnnt  wiprophytie  group  eompnses 
^  ■.^^llfl  nili-l/nl'if/  and  denilrifyivg  bacteria,  whose 
^j,;,iji^,ure.'<.nririied  in.'|R-ei(ie  forms  of  fermentation  : 
#r  **»*■  ""''•''^'''l''  "'""•""'''  "*  "it>^^'''*"n<i  "'tri*-  acids ; 
^  ^^^  rndw'iiiK  "'"''<'  '"''''  '"  nitrous  acid  and  am- 
^■n.  U  »  tlif*«'K''  •'"'''■  "w««-'it'""  (syHihiosis)  with 
[  l«rt*m  tliat  wrtaiu  plant*,  the  legumi- 
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their  nitrof^en  deficit  in 


r_  tifr  lMt»oK<ii  "'"  ^'""  "'•■■     '^'"'  '''«"'^'«'7 
^^.MMi  ^vc   to  free   atrnotiphcric   uitro- 
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gen  a  biological  significance  that  had  hitncrto  been 
denied  it. 

The  so-called  thiogenic  bacteria  convert  sulphuretted 
hydrogen  inUi  higher  sulphur  compounds. 

The  progress  of  many  forms  of  fermentation  and 
decomposition  is  aceompanied  by  more  or  less  elevation 
of  tcmjierature.  This  is  seen  in  the  curing  of  manure, 
tobacco,  malt,  etc. 

As  stated,  bacteria  that  produce  disea8c  are  known 
as  paikogenic.  They  induce  disease  by  their  poisonous 
action  upon  the  tissues  in  which  they  are  located.  The 
materials  of  which  certain  species  of  Imcteria  are  con- 
structed, and  the  products  of  growth  of  ccrtaiu  others, 
are  of  the  greatest  importance  in  their  relation  to  animal 
and  human  pathology.  Particular  species,  while  not  elim- 
inating soluble  poisons  as  a  product  of  metabolism,  arc 
nevertheless  themselves  huilt  up  of  poisonous  proteids,  or 
of  pniteids  witli  which  toxic  materials  arc  so  intimately 
associated  that  they  can  only  be  isiikt«d  )iy  the  most  re- 
fined and  elaborate  chemical  manipulations.  <  >thers  pro- 
duce in  the  course  of  their  growth  soluble  [Kiisons  that  can 
readily  be  separated  by  very  simple  methods  from  the  bac- 
teria that  produced  them.  The  proteid  matters  making 
up  the  hollies  of  many  species  of  bacteria,  even  those  not 
conspicuously  pathogenic,  have  been  shown  \ty  Buchner 
to  induce  disease  when  isolated  and  injected  into  tlie 
tissues  of  animals ;  in  some  cases  causing  only  rise  of 
body-temperature,  in  others  acute  inflammatory  proc- 
esses with  pus- formation.  To  such  pniteitls  Ilucliuer 
has  given  the  name  bader'mi  }»rofcins. 

The  poisonous  soluble  products  of  Iwu'tt'riai  growth 
are  severally  known  as  toxina,  toxatOumiiix,  and  pfo- 
viaim:  toxins  being,  in  general,  unerystallizable  jwisous 
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of  wlixsi'  JiitiiitHtr  I'lirmiral  imiun>  litil>>  i>v  Diitlidiji  i» 
known ;  tosulliDiuiiiK  Mn^  ili.*™-  iltiii  |<«rt«k«'  i»f  llw 
(■lifiiiu*nl  tKtIiin'  «>r  iilhiiiiiiDM  ;  wlulc  |i(tviiintti!>  iti>'  iTVK^ 

loiiU 


ill  thf  prwi'iiw  i>f  Hiiiili);ltl,  tln'ijnvu  |i)Hnli>  tm-  vimUlwl 
(o  tihtnin  the  ninniim  nf  niirnp'O  iiihI  i-tiHHHi  \\\M\  '\* 
tmvefnay  tn  tlicir  i;niw()i  \\\w\  *\\A\  i>iiti|tli>  InHliiw  M 
r»rbon  <linxu1<'  niul  nniiuniiitt,  \\\wh  lUi\v  iln<t>ii)|Miw 
iiitu  tltcir  rlniioiititn-  (Mii^titiii'iitM.  Tliv  lm>'ti>riit,  nn 
tho  utltrr  hmiil,  owhiK  lit  tho  iilN*oi)t<<>  of  i-liliirtt|t|)vl| 
IVoiii  their  tiNiiitfi,  dn  nut  imhm'rm  llitM  |io\vvr,  T)ii\V 
mu»l,  tlii-n-fiiiv,  Imvi'  tlu-ir  «irl»ni  timl  nitiMnn-n  |>i\*- 
6ent««l  nit  niich,  in  tliv  IVtrni  tif  iI*iHiin)HkMlil<'  orplilio 
subst»nrc». 

tn  Kt-nt-nil,  iHich-riu  nlidiin  tlifir  tiiti»)it'li  imwl 
nwlily  fmiii  wtlnhlo  ulbiiminA,  iiiul  In  u  wirluiii  I'xMiI, 
but  liy  no  inituis  sn  ivu^iiy,  liimi  niIIo  ut'  nninii>ninni.  I  n 
somv  of  Ni'igoli's  vxjtorimcntK  it  ii])]x<<u'i'il  pmlnitili'  ilml 
they  ooiild  iilttuin  tlit>  noivnwin-  ninointt  of  nilnifp'it 
fV»m  innrgiuiic  nilniti^n.  At  itll  I'Vviiln,  lie  wn**  hI>Ii> 
ill  portuin  (Miscst  to  (li'inmiKlrulc  ii  nilnction  nl'  iiilriv  to 
uiUinis  lU'id  and  ultimiitt'ly  h>  luiininnin.  Ni'vcrthr- 
U-SB,  in  all  (if  ilii\s<>  c^iM-ritiicntK  i-iiviinihtumTH  |M'iiit  In 
thv  ])n >l lilt >i lily  tlmt  tlu-  nitrop'ti  <ilitiiinii1  liy  iIk' Ihio* 
teriii  for  buililing  nji  tlicir  lisniics  in  llii'  <M)iirs('  of 
thoir  iIt'Vi'Io[>iiii'iit  wim  di'rivisl  fnmi  w«iU'  wnm-i' 
oliior  lliiiti  llic  tiitrir  ucid  or  tlio  iiilnitci*,  mid  llitit  tin- 
rcdnctioii  of  ilils  iicid  whs  ino^'t  |inilmlily  ii  Hti'ondiiry 
pli('ni)nK'n<>[].     ]l  juiiM  be  bnniL-in  mind,  lio\V(-vi>r,  that 
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*0  BACJ'EniOLOGY. 

•4'  f«ritc-ii]  Hultr'taiiM-  Tor  iu  tlevelopoii-jit.  Certain] 
•if  i\ik:m  bring  about  mast  profound  alterations  in  tbel 
ijit^ia  ill  wbit-b  tli(>y  exist,  while  others  pmidiiee  butt 
liUlc  a|t]iur(-nt  4^hangc.  Iu  one  case  alterations  iii  the  | 
rtwUim  'A'  the  media  will  he  conwuieuoiis,  while  ia  i 
ttWillifr  lut  Hiii'h  vitriation  v&n  be  cIeteote<l.  With  the  1 
^twM'th  of  Mime  forms  pni«]uets  resulting;  from  flpeoifie  I 
((nxnamii  of  fermentation  appear.  Other  varieties  jwo-  | 
Juen  |t»iM>nH  of  remarkable  degrees  of  toxicity,  while  the  I 
frntwlh  of  otlierx  may  Ih*  aM-orapaitied  by  the  evolution  1 
u(  ixmiiMtiiiul"  ehnntett^rii^tic  of  putrefaction. 

Ill  ivwiwticrinji  the  normal  lievelopment  of  houteria  I 
w«  mn^i  ""t  I""''  Hi^htof  the  faet  thiit  this  is  influenced  | 
Ififljj  Uy  till'  (|tiiility  itud  the  quantity  ot'tlic  nutritive  uiate- 
rfjlU  i*>  whii'li  th'-y  Imve  access,  and  by^  the  eharaetcr 
tif  (Iwf  iirivliUiiM  that  aeeumulate  in  these  materials  as  a 
fiwfill  iif  'Id^lr  vital  jiriKicsses.  Nitrt^-u  and  carbon 
iKjjtJf"""'*  "'"y  *"'  l*"'*"^  '"  "lU"""!  and  kind  entirely 
Mtllhllfh'  '"  I""'"'"'  Iwi't^Tial  growth,  and  yet  thi.s  may 
|»i  it\im)i*4,  "l^*"''  "  «»in|""nitiv<'ly  short  time,  hy  the 
HitiilllllnlHl*"'  ("■"•I'"''"  "'  hiicteriai  metjilxtlism,  some  of 
»|l||i||  IH"-"*-  I''"  |'l'"l'''''y  "'■  inhibiting  growth  and 
llllllMltli'U  "I'  "*■'■"  '•'»"■")■'"«  ''"'  l""'tt^"«  'I'lt  produced 

(l»(tl(.     ill"  '"""'   '"""" "'"'  '^"»»'l''''"°"3  ^samples 

y'X  \\w  llthll'lllliK  ."-ndillopi-  lliut  are  wUDcideni  with 
W-Ml*ll  K'^'«'''  '""  "''"'■"•'"""  '"  ''"■■  "''''""'■*'  '^'^''"■' 
^yf^mm-  ll>  «  ''l-''-  it'"  """■"■'■"'  "redeveloping.  Since 
A    ....i..m    il  ilii'iu  ifiow  I"'bI  iu  nietha  of  a  neutral  or 

.   .l(.ilUlie  h'tU'lli'l .V  exwwive  development 

■\  i»M\\\\  ""  "  '"'■■"''  "*  K"J"'t''>  arrests 

'  M-  ivldvilii""!'  Ilf"  '"■  f'irther  inulti- 

^  ,v.l  luitlllhl'.'h'viiiti.mfi^.m  lli,. 

.« ,v^  \y*y\\m  h.w  I"'"  '-'iT.'.i.^i. 
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Of  considerable  importance  and  interest  in  the  study 
of  the  nutritive  changes  of  bacteria  is  the  difference  in 
their  relation  to  oxygen.  For  certain  species  free  oxy- 
gen is  essential  to  the  proper  performance  of  their 
functions  ;  in  another  group  no  evidence  of  life  can  be 
detected  under  its  access ;  while  in  a  third  group  oxy- 
gen appears  to  play  but  an  unimportant  r6le,  for  de- 
velopment occurs  as  well  with  as  without  it.  It  was 
Pasteur  who  first  demonstrated  the  existence  of  partic- 
ular species  of  bacteria  which  not  only  grow  and  multi- 
ply and  perform  definite  physiological  functions  with- 
out the  aid  of  free  oxygen,  but  to  the  existence  of  which 
it  is  positively  harmful.  To  these  he  gave  the  name 
anaerobic  bacteria,  in  contradistinction  to  the  aerobic 
group,  for  the  proper  performance  of  whose  functions 
oxygen  is  essential.  In  addition  to  these  there  is  a  third 
group,  for  the  maintenance  of  whose  existence  the  absence 
or  presence  of  uncombined  oxygen  is  apparently  of  no 
moment — development  progresses  as  well  with  as  with- 
out it ;  the  members  of  this  group  comprise  the  class 
known  as  facuUaiive  in  their  relation  to  this  gas.  It  is 
to  this  third  group,  the  facultative,  that  the  majority  of 
bacteria  belong.  Since  all  growing  bacteria,  anaerobic 
as  well  as  aerobic,  generate  carbonic  acid  in  the  course 
of  their  development,  it  is  evident  that  oxygen  must 
in  reality  be  obtained  by  them  from  some  source,  and 
must  be  regarded  as  essential  to  their  life-processes; 
but  the  manner  in  which  it  is  appropriated  by  them 
varies,  the  aerobic  species  taking  it  from  the  air  as  free 
oxygen,  while  the  anaerobic  species,  not  possessed  of 
this  power,  obtain  it  through  the  decomposition  of  more 
or  less  stable  oxygen-containing  compounds. 

Though  the  multiplication  of  the  facultative  varieties 
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irt  not  iiitorfered  with  by  either  the  presence  or  absence 
of  fn»c  oxygen,  yet  experiments  demonstrate  that  the 
prtHluets  of  their  growth  are  cliff en»nt  under  the  varying 
conditions  of  al)sc*n('e  or  presence  of  this  gas.  For  ex- 
ample :  in  the  case  of  certiiin  of  the  chnnnogenic  forms 
th(;  presence*  or  ahs<»n(H^  of  oxygen  has  a  ver}'  decided 
effV»ct  upon  the  prcxhiction  of  the  jMgments  by  which 
they  ar(»  (^haratrterized. 

N()TK. — Observe  the  difference  between  the  intensity 
of  color  pnKhic(»d  u|M>n  the  surface  of  the  medium  and 
that  along  the  tnu'k  of  the  needle  in  stab-cultures  of 
hanlhiH  prtxIiffUmuH  and  of  Mpirillnm  rubrum.  In  the 
foniHT  the  hmI  (rolor  is  apparently  a  product  dependent 
upon  tin;  pr<'Si*n<'e  of  oxygcm,  while  in  the  latter  the 
gH'atest  int<'nsity  of  (tolr^r  micurs  at  the  j>oint  furthest 
n'niovcd  from  the  a<;tion  of  oxygen. 

Anofher  fatlor  which  plays  a  highly  important  part 
ill  iIm-  biologit-al  functions  of  these  organisms  is  the 
1/  iijp<-nitiinr  iMMh-r  wlii<'li  th<'y  <;xist.  The  extremes  of 
t/iiijA*  mfure  betwwcu  which  the  majority  of  bacU^ria  are 
i*ii*f\,it  lo  ^'^row  nirigc  from  5.5°  to  4.*^°  C.  At  the 
i*tim*  I  f«-mjHrjitiu'(!  <l<?Vi'lopm(;nt  is  hardly  appreciable; 
if  \,*  itfint  '  iiMin-  and  more  a<;tivc  until  o8^  C  is  reached, 
wh' ij  ii  i"!  ill  ifs  optiminu,  and,  as  a  rule,  ceases  at 
r*J  ^ '.  ;  iliou^di  =-p<'cii'.s  exist  that  multiply  at  as  high 
it  ixiij|i«  ralun-  ;i.-  70''  (J,  an<l  others  at  as  low  as  0^  C. 
'IIh' iijM  •lij/jitioM'  of  (ilobig,'  ^^i(^ucl,''^  and  Macfadycn 
:ind    lil«;.\;ill  '   li:iv<-   nvi-ah-d   lli(»  existence   in  the  soil, 

'  ii\n\f\ii     '/.  ii.M  liiili  hir  Wyifuw.  \U\.  iii.  S.  '2\H. 

■  Miijiii  I      Ahh.ili  -  Ml    Mil  r»i;'r:i|ilil<',  I '*■'■<,  pp.  I  to  10. 

-'  M.i<  r.iilv*  n  Mini  l'>li*x:ill    .l'iiiiri:il  nf  Taiii.  and  WiwX.,  V(»l.  iii.  |>:irt  i. 
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in  water,  in  faeces,  in  sewage,  in  dust,  and,  in  fact,  prac- 
tically everywhere,  of  bacteria  that  under  artificial  culti- 
vation show  no  evidence  of  life  at  a  temperature  lower 
than  60°  to  65°  C,  and  will  even  grow  at  such  high 
temperatures  as  70°  and  75°  C,  a  state  of  affairs  almost 
paradoxical,  inasmuch  tis  such  extremes  of  temjierature 
are  sufficient  for  the  coagulation  of  albumin,  and,  in  con- 
sequence, generally  incompatible  with  life.  Rabinowitsch^ 
has  likewise  described  a  number  of  species  of  these 
thermophilic  bacteria,  as  they  are  called  ;  but  states  that 
it  was  possible  in  her  experiments  to  obtain  evidence 
of  their  growth  at  a  lower  temperature  (34°  to  44°  C), 
as  well  as  at  the  higher  temperature  mentioned  by  pre- 
ceding investigators. 

The  most  favorable  temperature  for  the  development 
of  pathogenic  bacteria  is  that  of  the  human  body,  viz., 
37.5°  C.  There  are  a  number  of  bacteria  commonly 
present  in  water,  the  so-called  normal  water  baderiay 
that  grow  best  at  about  20°  C. 

Under  natural  conditions  it  frequently  occurs  that 
the  development  of  one  species  or  group  of  species  of 
bacteria  is  directly  dependent  upon  the  functional  ac- 
tivities of  another  totally  distinct  species,  the  growth  of 
one  group  resulting  in  conditions  that  are  of  vital  im- 
portance to  the  existence  of  the  other.  This  interde- 
pendence of  species  is  known  as  symbiosis.  It  is  observed, 
for  instance,  in  the  course  of  putrefaction,  where, 
through  exhaustion  of  free  oxygen  by  the  actively 
germinatmg  aerobic  varieties,  the  conditions  are  sup- 
plied that  enable  the  anaerobic  species  to  develop  and 
exercise  their  biological  activities.     Again,  through  the 

*  Rabinowitsch :  Zeitschrift  fiir  Hygiene  u.  lufectionskn^nkheiten, 
Bd.  XX,  Heft  1,  S.  154  to  1(H. 


44 


BAVTEBTOl.OGY. 


proteolytic   activity  of  cnzymoH   prtidiiccd   hy  oortaill 
HpecieB  of  bactpria,  other  spccica  nrp  supplied  witli  mxm^ 
tritlon  tliat  would  otherwise  Xvi  iinassiiuilable  or  only 
imperfectly  so.      Similar  symliiolic  relations  iK'tween 
bacteria  and  higher  plante  are  also  noticed,  notably  that 
between  certain  bactt:ria  of  the  soil  and  the  group  of 
leguminous   plants,   whereby    the    latter  are   enabled,,! 
through  the  asaistanee  of  the  former,  to  make  up  their'l 
nitrogen  deficit  in  large  part  in>m  the  free  nitrogen  dtm 
tlie  atraoephere.     (See  page  36.) 

Another  interesling  biulngieal  peenliarity  of  bacterian 
is   that   discovered   by   Pfeffcr,  known   as   chaimlcwi8%% 
This  term  applies  to  the  peculiar  plienomena  of  nttrao- 1 
tiiin  and  of  repulsion  that  are  exiiibited  by  motile  Imo^J 
teria  when   in  the  prcsenw  of  eolutions  of  bodies  ofS 
various  chemical  eomposition.     Thus,  for  instance,  whea  j 
a  neutral  fluid  (a  drop  of  wati>r)  irontaining  motile  I 
tcria  Ls  brought  in  contact  with  a  weak  solution  of  eith^a 
]H>ptone,  sodium  chloride,  or  dextrin,  the  bacteria  are  ail 
once   attracted    toward   llie  Mdiiliun ;    this   reaction 
designated  "positive  ehemotaxiw."     On  the  other  liund^l 
if  brought  in  contact  witli  an  acid,  an  alkaline,  or  an^ 
alcoholic  solution,  tlie  bacteria  arc  repelled  or  drivei 
from  the  point  at  which  the  two  fluids  are  difftising; 
that  is,  they  exhibit  "negative  ehemotactic"  ufUnilies. 
The  significance  of  these  reactioiiw  is  not  underst^wxl, 
hut  it  has  been  aptly  suggested  that  they  may  \w  funda- 
mentally analogous  to  the  specific  positive  and  negative 
aflinities  exhibited  by  the  ions  (see  page  81)  resulting 
from  the  dissociation  of  electrolytes,  and  that  they  may 
"  have  their  explanation  in  the  torccs  of  ionie  attnietiim 
and  repulsion."'     In  this  connection  it  is  important  to 

'  Rend  ^waM  (in  "  Somo  RtrlBtinns  vt  OHiiiinis  uiit!  Iinilc  Arliriii  in 
Clinical  Hudldue,"  InteruAtioiuil  Cllnica,  vul.  li.,  Eleventh  Serlco. 
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note  that  the  wandering  cells  of  the  animal  body,  the 
leucocytes,  exhibit  also  these  chemotactic  phenomena; 
and  it  is  especially  necessary  to  a  complete  comprehen- 
sion of  the  process  of  suppuration  to  l^ear  in  mind  tliat 
among  the  substances  which  have  the  greatest  attraction 
for  these  wandering  cells,  are  the  products  of  growth  of 
certain  bacteria  in  some  cases,  and  the  protoplasmic  con- 
stituents of  the  bacteria  themselves  in  others. 

From  what  has  been  learned,  it  may  be  said,  in 
general,  that  for  the  growth  and  development  of  bacteria 
organic  matter  of  a  neutral  or  slightly  alkaline  reaction, 
in  the  presence  of  moisture  and  at  a  suitable  tempera- 
ture, is  all  that  is  necessary.  From  this  can  be  forni(»d 
some  idea  of  the  omnipresence  in  nature  of  these  minute 
vegetables.  Wherever  these  conditions  obtain  bacteria 
may  be  found. 


chaptp:r  II. 

Morphology  *  of  liacteria — Grouping — Biode  of  Multiplication — Spore- 
formation — Motili  ty . 

In  structure  the  bacteria  are  unicellular,  always  de- 
veloping from  pre-existing  cells  of  the  same  character 
and  never  app(»aring  spontaneously.  They  are  seen  to 
occur  as  s[)heric*al,  rod-  and  spiral-shaped  bcnlies  that 
multiply  by  the  simple  process  of  transverse  division, 
b(»l()nging,  therefore,  to  the  schizomyceteH  or  fission 
fuuiji. 

Under  what  we  are  accustomed  to  regard  as  normal 
conditions  of  development,  and  by  the  ordinary  methods 
of  (examination,  bacteria  apjiear  very  simple  in  form  and 
structure.  They  are  cells  consisting  of  a  protoplusmic 
mass  within  a  membranous  hull  that  is  discernible  with 
more  or  less  difficulty.  The  protoplasmic  Ixnly  is  of 
material  closely  allied,  chemically  s])eaking,  to  ordinary 
vegetable  j)rotci<l.  It  is  often  homogeneous,  but  in  par- 
ticular species  and  imder  various  conditions  of  growth 
the  central  ma<s  in  stained  spe<'imens  is  commonly 
marked  by  the  presence  of  very  dark  granules,  the 
so-callcKl  metachromatic  gnnnilations.  Agjiin,  in  other 
species  parajilaslic  gnuiules  giving  the  microchemical 
reactions  of  fat,  starch,  sul|>hur,  etc.,  are  to  lx»  seen. 
Under  certain  ])hysica]  conditions  the  protoplasmic  lx)dy 
presents  irn^gular  rents  or  retractions,  the  result  of  pro- 
teolytic or  of  osmotic  disturbaiu'cs  de|)endent  u|>on  the 

'  Morjihology :  iHTtJiiniiij;  to  shaiK',  outline,  structure. 
4G 
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character  of  the  fluid  in  which  the  bacteria  are  located  ;  in 
fact,  the  deeply  staining  granules,  other  than  those  of  fat, 
starch,  and  sulphur,  that  are  often  observed,  are  regarded 
by  some  writers  (especially  A.  Fischer)  as  but  altered  or 
condensed  protoplasm  due  to  the  same  influences. 

In  certain  species  the  protoplasmic  body  is  always 
more  dense  at  the  poles  of  the  cells  than  at  the  middle, 
so  that  when  stained  the  ends  are  much  darker  than  the 
intervening  jwrtion.  Sometimes  in  other  species  the 
reverse  is  the  case. 

By  some  investigators  the  protoplasmic  central  mass 
is  regarded  as  a  nucleus,  and,  functionally  speaking, 
possibly  it  is  to  all  intents  and  purposes,  but  this  c^mnot 
be  certainly  decided.  In  the  great  majority  of  cases, 
however,  with  the  ordinary  methods  of  examination,  it 
is  not  seen  to  possess  any  of  the  structural  jxiculiarities 
that  we  are  accustomed  to  r^ard  as  the  distinguishing 
attributes  of  cell-nuclei. 

The  enveloping  hull  or  membrane  is  in  some  cases 
apparently  only  a  modification  of  the  protoplasmic  cen- 
tral mass,  at  times  being  only  a  condensation  of  that 
protoplasm ;  again,  it  seems  to  be  chemically  different 
from  it.  In  a  few  instances  it  appears  to  be  allied  to 
cellulose  in  its  chemical  composition.  Sometimes  it  is 
so  thick  as  to  be  readily  seen,  while  again  it  is  discerni- 
ble only  by  special  methods  of  examination.  In  partio- 
idar  species  it  may,  by  appropriate  methods,  be  seen  as 
a  sharply  defined  capsule  inclosing  a  clear  zone  in  which 
the  deeply  stained  central  mass  lies.  Occasionally  the 
central  protoplasmic  mass  is  surrounded  by  an  ill- 
defined  slimy  material  that  causes  the  individual  cells 
to  adhere  to  one  another  in  more  or  less  compact  masses 
or  pellicles  (zoogloea.  Fig.  1). 
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In  size  the  bacleriu  are  certainly  the  smallcBt  livJu 
ci'eutures  with  wliicii  wt;  Lave  ucquaiiitance,  being  visibl 
only  when  very  highly  magnifie<i.  In  onlor  that  eoni 
wncpptioti  of  their  inicroscoiiiti  dimeUHionB  might 


forniwl,  it  has  lieen  eomputetl  that  of  the  average  f 
Iwntttria  alKiut  tliirty  billion  woiiM  be  i'eqiiire<l  to  v 
a  gramme,  and  thai  about  ono  billion  seven  hundre 
million  of  the  small  spheriiinl  forma  might  readily  b 
susptiidetl  in  a  di-op  of  water. 

The  classifications  of  the  older  aiithora  and  of  t 
botani.sts  being  usually  upon  purely  morphohigieal  pecu*! 
liarities,  and,  as  a  rule,  taking  into  consideration  all  t 
slight  variations  that  are  hwu  to  occur  in  the  s 
shape  of  one  and  the  same  sijcdes,  and  of  closely  allie( 
speines,  are  moiv  or  less  coniplicjit*d.  The  present* 
tendency  is  U>  simplify  this  moqihologioal  classification, 
and  to  distribute  tlie  bacteria  into  three  great  groups, 
with  their  subdivisions,  the  members  of  each  group 
being  identified  by  their  individual  outline,  viz.,  that 
of  a  sphere,  a  rod,  or  a  spind.  To  these  throe  grand 
divisions  are  given  the  names  cocci  or  micrococci,  Imcilli, 
and  spirilla. 

In  the  group  mhroroe4.-t  belong  all  spherical  forms — 
i.  e.,  all  those  forms  tlic  isotateil  individual  members 
of  which  are  pmctieally  of  the  same  diameter  in  all 
directions.     (See  Fig.  2,  n,  It,  i;  d,  c.) 
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The  bacilli  comprise  all  oval  or  rod-formed  ba(>tcria. 
(See  Fig.  3.) 
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a.  Staphylococci,    b.  Streptococci,    c.  Diplococci.     d.  Tetrads,     e.  Sarcinae. 
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a.  Bacilli  in  pairs.    6.  Single  bacilli,    e  and  <!.  Bacilli  in  threads. 

<  and  /.  Bacilli  of  Tariable  morphologjr. 
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a  and  fi.  Spirilla  in  short  segments  and  longer  threads— the  so-cnllod  comma 
f(»rms  and  spirals,  b.  The  forms  known  as  spirochoDta.  c.  The  thick  spirals 
sometimes  known  as  vibrios. 
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To  the  »iiiriHa  In-long  all  (iipmbiDS  that  an-  cun 
when  seen  in  i^burt  M.^menti',  wr  whi-n  in  luiigvr  thi 
are  twist*^  in  tin-  form  of  a  corkscrvw.     (Sec  Fig.  4.)  1 

The  raicriK-ik-ci  are  iiabdividod  according  to  their  p 
vailing  mode  of  grouping,  as  st-en  in  growing  culturt 
into  xUtpht/toeoca — thoee  growing  in  masseit  like  dui 
of  grapes  (see  Fig.  2,  a) ;  ttreplococci — those  growiag  n 
(chains  consisting  of  a  niinil>er  of  indiridnals  s 
together  like  beads  upon  a  string  (see  Fig.  2,  b) ;  dip 
<:occi — those  growing  in  pairs'  (Fig.  2,  r) ;  teb-mU — thoaftfl 
developing  as  finirs  (Fig.  2,  d) ;  and  unreinir — tho« 
dividing  into  fours,  etght8,  etc.,  as  cubes — tJiat  is.  i 
eontnulistinction  to  all  other  fonn.t,  the  scgnientatioi 
which  is  rarely  complete,  takes  place  regularly  in  thre 
directions  of  sjiace,  so  that  when  growing  the  bundle  o 
segmenting  cells  presents  somewhat  the  apj>eHraDce  of* 
hale  of  cotton  (Fig.  2,  ')■ 

To  the  bacilli  Ivelongnll  straight,  nxl-shaped  bacteriej 
— i.e.,  those  in  which  one  diameter  is  always  greaterl 
tliiin  the  other. 


Yf^  >\ 


}> 
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In  iht"  IT""']'  "'^'  '*""^*^  tluise  organisms  the  life- 
awW  *»f  wmiiy  t'f  which  prcfent.'s  deviations  from  the 
^„p^i  twl-«l)Apc.  M»nv  of  them  in  the  cf.iirs<-  of 
iiH'reuHe  in  linglii  into  long  threads, 
*.i^ii.-4.,tnw*'8  Hi'  wgmentation    may   usually   lie 
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found — the  anthrax  bacillus  and  bacillus  subtilis  are 
conspicuous  examples  of  this.  Again,  under  certain 
conditions,  many  of  them  possess  the  property  of  form- 
ing within  the  body  of  the  rods  oval,  glistening  spores 
(see  Fig.  5),  and,  if  the  conditions  are  not  altered,  the 
rods  may  entirely  disappear  and  nothing  be  left  in 
the  culture  but  these  oval  spores.  In  some  of  them 
this  phenomenon  of  spore-formation  is  accompanied  by 
an  enlargement  or  swelling  of  the  bacillus  at  the  point 
at  which  the  spore  is  located  (see  Fig.  5,  c  and  d). 
Again,  many  of  them,  from  unfavorable  conditions  of 
nutrition,  aeration,  or  temperature,  undergo  pathological 
changes — that  is,  the  individuals  themselves  experience 
degeneration  of  their  protoplasm  with  coincident  dis- 
tortion of  their  outline ;  they  are  then  usually  referred 
to  as  "involution-forms"  (see  Fig.  6,  a  and  6).     In 
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a.  Spirillum  of  Asiatic  cholera  (comma  bacillus) ;  normal  appearance 
in  fresh  cultures,  b.  Involution-forms  of  this  organism  as  seen  in  old 
cultures. 


all  of  these  conditions,  however,  so  long  as  death  has 
not  occurred,  it  is  possible  to  cause  these  forms  to  revert 
to  the  typical  rods  from  which  they  originated,  by  the 
renewal  of  conditions  favorable  to  their  normal  vege- 
tation. 

It  must  be  borne  in  mind,  though,  that  it  is  never 
possible  by  any  means  to  bring  al)out  changes  in  these 
organisms  that  will  result  in  the  permanent  conversion 
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of  the  nH)q)lK»lr)p:y  of  the  monil>ors  of  one  group  into 
that  of  uiif>th<T — that  is,  one  can  never  pnxluee  bacilli 
from  niicro<;c>('ci,  nor  rict' versa  ;  and  any  evidence  which 
may  Ik?  pn*sent<.*<l  to  the  contrary  is  based  upon  untrust- 
worthy m(*thods  of  ol>s<»rvation. 

Very  short  oval  bacilli  may  sometimes  be  mistaken 
for  mier(H!rK5<;i,  and  at  times  micro(;occi  in  the  stage  of 
HI 'i^men til tion  into  <lipl(x*o<^ci  may  be  mistaken  for  short 
bacilli ;  but  by  careful  insi^ction  it  will  always  be 
jMissiblc  to  detect  a  continuous  outline  along  the  sides 
of  tin;  former,  and  a  slight  transverse  indentation  or 
partition-formation  between  the  segments  of  the  latter. 
The  high  index  of  ndniction  of  spores,  the  property 
u'hirh  gives  to  them  their  glistening  appearance,  will 
;dvvavs  scrv<*  to  distinjriiish  them  from  microcotrci.  This 
difli-n-ncc  in  refraction  is  espc(Mally  noticeable  if  the  illu- 
mination of  tlu'  nn'croscopc  be  rediujed  to  the  smallest 
|K» -ibh-  bundle  of  light-rays.  The  spores,  moreover, 
tiil'.i-  up  staining-rcagents  much  less  readily  than  do 
fh'-  tnirvtK'nrr],  Th(^  most  rcliai)Ie  differential  points, 
If'/  .v/v<  r,  an*  the  infallible  properties  possessed  by  the 
.poM  r  of  developing  into  bacilli,  and  by  the  spherical 
tntf.nnui  with  which  they  may  have  been  confounded 
i,i  .il  //.I)  •  pro<liicing  other  micrococci  of  the  siime  round 

^<l  in 

A  M,ii'.*  ni'-nl  classification  of  bacilli  is  that  based 
Mii'fH  »'»M'liiiit  characteristics  which  are  seen  to  ap- 
.„„,  in  Hii  <oiir-c  of  their  development  under  spe- 
H'tl  •iiiidjhoii-  certain  of  them  |H)ssessing  the  power 
'.1    |(.MMiii)f   .-poic-,   Nvhih'  from  others  this  peculiarity 

\\      K.iM    h  I'l  lino\\lc<lgc  of  the  life-history  of  the 
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spiral  forms.  Efforts  toward  their  cultivation  under 
artificial  conditions  havc^  thus  far  been  successful  in 
only  a  comparatively  limited  number  of  cases.  Mor- 
phologically, they  are  thread-  or  rod-like  Ixnlies  which 
are  twisted  into  the  form  of  spirals.  In  some  of  them 
the  turns  of  the  spiral  are  long,  in  others  quite  short. 
In  some  the  threads  appear  rigid,  in  others  flexible. 
They  are  motile  and  multiply  apparently  by  the  simple 
process  of  fission.*  In  most  respects,  save  form  and  the 
property  of  producing  spores,  they  are  analogous  in 
their  mode  of  growth  to  the  bacilli. 

The  micrococci  multiply  by  simple  fission.  When 
development  is  in  progress  a  single  cell  will  be  seen  to 
elongate  slightly  in  one  of  its  diameters.  Over  the 
centre  of  the  long  axis  thus  formed  will  appear  a  slight 
indentation  in  the  outer  envelope  of  the  cell ;  this  inden- 
tation will  increase  in  extent  until  there  exist  eventually 
two  individuals  which  are  distinctly  spherical,  as  was 
the  parent  from  which  they  sprang,  or  they  will  remain 
together  for  a  time  as  diplococci ;  the  surfaces  now  in 
juxtaposition  are  flattened  against  one  another,  and  not 
infrequently  a  fine,  pale  dividing-line  may  be  seen 
between  the  two  cells.  (See  Fig.  2,  c  and  d.)  A  similar 
division  in  the  other  direction  will  now  result  in  the 
formation  of  groups  of  fours  as  tetrads. 

In  the  formation  of  staphylococci  such  division  occurs 
irregularly  in  all  directions,  resulting  in  the  production 
of  the  clusters  in  which  these  organisms  are  commonly 
seen.  (See  Fig.  2,  a,)  With  the  streptococci,  however, 
the  tendency  is  for  the  segmentation  to  continue  in  one 
direction  only,  resulting  in  the  production  of  long  chains 
of  4,  8,  and  12  individuals.     (See  Fig.  2,  6.) 

1  Dividiug  into  two  transversely. 
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Tlic  aarciiiic  divide  more  or  less  rpfi"'i'''y  '"  *^'' 
ilirL-ctioiiM  of  H[)uce;  but  iiistciid  of  becuniiug  oeparat 
{\w  nm^  from  the  utlior  as  single  ccIIm,  the  tendency 
Tor  thn  Hopmpntalion  to  be  incotnph't<',  the  cells  remai 
iriK  togi'tbtT  in  massL's,  The  indentations  upon  tK( 
tniuutCH  or  eubes,  which  indiciite  tlic  point  of  incomplete 
liiwion,  (jivfr  to  thiw  bundles  of  cells  the  appearance 
eoiiimmily  aHcribitl  to  them — that  of  a  l«ile  of  cott( 
<»r  II  packet  of  rap^.     (Sec  Fig.  2,  e.) 

1'hi-  multiplii'Hlion  of  baeilli  is  in  the  main  similar 
that  K'veii  for  the  munieoeei.   A  dividing  cell  will  elc 
f[ate  nliglitly  in  the  direction  of  its  long  axis ;  on  iodi 
tiltion  will  npp<'Hr  al>out  midway  between  its  poles, 
will   bceimio  deejK'r  and   deeper  until  eventually 
ilttn(rhtiT-eella  will  be  formetl.     This  process  may  ocei 
ill  Hiieli  i\  Wiiy  that  the  two  young  bacilli  will  adht 
toKi'ther  by  their  adjaecnt  ends  in  much  the  same  wa] 
llitit  nnurtngi's  are  t^en   to  lie  held   together  in  stringsH 
(!''!((.  3,/),  or  the  segmentation  nuiy  take  place  mon^] 
nl  riiilil  iiiig!ei«  to  tlie  long  axis,  so  that  liie  prosiinalj 
i-iidN  "I"   the  Youiig  cells  are  flatteiirtl,  wiiiie  the  disi 
n»trfriil(i''H  may  l>e  ronndeil  or  sliglitly  (HHiited  (Fi) 
)L  A,  '  The  xeKnientation  of  the  anthrax  baeillnS] 
tvhh'h  we  lire  t^i  Iteoome  acqiiaintcti  later,  results,  wbi 
cmtilpb'led,  in  un  itidentution  of  the  adjacent  extrcttt-^ 
llh'N  of   tli'>  young   sagmentji,  so  that  by  the  aid  of- 
\\\a\\  iminMirying  |M>wers  thesi-  surfaces  are  seen  to  bo 
Hi^ltiullv  eoiii'iive.     Ilaeilli  never  divide  longitudinally. 

Wtlil  ill*'  Nlioi-e-ri inning  ba<^'il1i,  under  favorable  con- 
til(hW«l>f  Hlllrllhili  and  temperature,  the  same  is  si^en 
ta  *'*'*»■  ilHl'll'd  vi'ip'talio"  ;  but  as  soon  as  these  condi- 
thNM  hU|Xm>v  hIIvii'iI  by  the  exhaustion  of  nourishment, 
lib  tNNWttVV  »!'    df'triuieutal   nul»stanc«s,   unfavorable 
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temperatures,  etc.,  there  appears  in  their  life-cycle  the 
stage  to  which  we  have  referred  as  spore-'formation. 
This  is  the  process  by  which  the  organisms  are  enabled 
to  enter  a  state  in  which  they  resist  deleterious  influ- 
ences to  a  much  higher  degree  than  is  possible  for  them 
when  in  the  growing  or  vegetative  condition. 

In  the  spore,  resting,  or  permanent  state,  as  it  is  vari- 
ously called,  no  evidence  of  life  whatever  is  given  by  the 
spores ;  though  as  soon  as  the  conditions  which  favor 
their  germination  have  been  renewed  these  spores  de- 
velop again  into  the  same  kind  of  cells  as  those  from 
which  they  originated,  and  the  appearances  observed  in 
the  vegetative  or  growing  stage  of  their  history  are 
repeated. 

Multiplication  of  spores,  as  suehy  does  not  occur ;  they 
possess  the  power  of  developing  into  individual  rods  of 
the  same  nature  as  those  from  which  they  were  formed, 
but  not  of  giving  rise  to  a  direct  reproduction  of  spores. 

When  the  conditions  which  favor  spore-formation 
present,  the  protoplasm  of  the  vegetative  cells  is  seen 
to  undergo  a  change.  It  loses  its  normal  homogeneous 
appearance  and  becomes  marked  by  granular,  refractive 
points  of  irregular  shape  and  size.  These  eventually 
coalesce,  leaving  the  remainder  of  the  cell  clear  and 
transparent.  When  this  coalescence  of  highly  refrac- 
tive particles  is  complete  the  spore  is  perfected.  In 
appearance  the  spore  is  oval  or  round,  and  very  highly 
refractive — glistening.  It  is  easily  differentiated  from 
the  remainder  of  the  cell,  which  now  consists  only 
of  a  cell-membrane  and  a  transparent,  clear  space 
which  surrounds  the  spore.  Eventually  both  the  cell- 
membrane  and  its  fluid  contents  disappear,  leaving  the 
oval  spore  free ;  it  then  gives  the  impression  of  being 
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Hiirmuii(l<.*(l  by  a  dark,  sharply  defined  l)order.     When 

thij,-^  |xTfectly  developed,  tlu*  si)on»  may  Ikj  regarded  as 

»fi;do;»oiiH  to  the  s(»eds  of  higher  plants.     Like  the  seed, 

it  *'\'ttuu'M  no  evidence  of  life  until  placed  under  oondi- 

fiou*.   favonihh;   to   germination,  when   there   develops 

ff'^rii  it  H  rrW   identical  in  all  n»siH»c*t.s  with  that  from 

^M'li  it  origiiiate<l.     Its  tenacity  of  life,  as  in  the  case 

^r  s'dstU,  i-i  almost   unlimited.     It  may  Ix;  kept  hi  a  dry 

^ii>^',  ;iipd  fhi-  has  a<!tually  iK'cn  done,  for  years  without 

U/i>t»'/  fh<r  (H»\vir  of  germination.     The  glistening,  en- 

>'r'.;,/i/   ;pon-memI)rjuie  is  not  of  uniform   thickness 

■   f,  .'/U',u\^  iiiid  in  conscijuencc*  when  germination  oo- 

'    ■•  Ml*  j'piwiii^  hacilhis,  the  so-called  vegetative  form 

'.*    ^ii*    '»iv;uiism,  prolnidcs  thnmgh  the  thinnest  part 

'A  »ji'    •-|K>rf-mcmhran(' — that  is,  through  the  point  of 

.'  ...••  ri  .•i.-t;iiu'('.     This  mav  hc-eith(T  the  end  or  the  side 

'/*  »»*«  .-ji'»n',  acconling  to  the  speci(.*s  under  ol)servatioii. 

!•-  '■*  t\\i\i\  cases  such  a  j)rotrusion  is  not  observed,  but 

.'■   pl;ic<*  the  s|)ore  ///  fnfn  appears  to  l)e  gradually 

•^',.oi\^A   uY    in    some    way  converted   directlv  into   a 

»'>"»;jiiij^  <.ell.     It  (evinces   no  motion  other  than  the 

<•  •  •  i.:jiiir:i|  tremor  connnon  to  all  insoluble  microscopic 

\..\u>Ur  ^u^pendtnl  in  fluids,  and  it  remains  quiescent 

■'  'i  '1j<  rr  a|ip(»ar  conditions  favorable  to  its  subsequent 

'i'  .'  I'/j/iM<  lii.     ( )ee4isionally  the  membnme  of  the  vc^^ 

II!  .'  "  JJ  jii  whieh  the  s])ore  is  formed  does  not  disap- 

)M,i»    li'«nt  :ij-')uimI   it,  and   the  spore  may  then   be  seen 

1  •  "*;.'    »"    :»    'rjy  d'lli-ate   tubular  envelope.     Now  and 

rliiij.    iMiiij.'iiil'    of  the    envelope    may   be    noticed    ad- 

I''  « "j;/    to    :i      Wf\'f    wliirh    has    not    yet    become    com- 

pj<  l«  l\       til  i  . 

\\\    ihr  oi'linar)    /iiitln)d-  of  staining,  sj)ores  do  not 
b«riiiM«    rMJond,  rn    iliai    they    appear   in    the   stained 
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cells  as  pale,  transparent,  oval  bodies,  surrounded  by 
the  remainder  of  the  cell,  which  has  taken  up  the  dye. 

A  single  cell  produces  but  one  spore.  This  may  be 
located  either  at  an  extremity  or  in  the  centre  of  the 
cell.     (Fig.  5.) 

Occasionally  spore-formation  is  accompanied  by  an 
enlargement  of  the  cell  at  the  point  at  which  the  proc- 
ess is  in  progress.  As  a  result,  the  outline  of  the  cell 
loses  its  regular  rod  shape  and  becomes  that  of  a  club, 
a  drum-stick,  or  a  lozenge,  depending  upon  whether 
the  location  of  the  spore  is  to  be  at  the  p<jle  or  in  the 
centre  of  the  cell.     (See  Fig.  5,  e  and  d,) 

In  addition  to  the  property  of  spore-formation  there 
is  another  striking  difference  between  various  species 
of  the  rod-shaped  organisms,  namely,  the  property 
of  motility,  by  which  some  of  them  are  distinguished. 
This  power  of  motion  is  due  to  very  delicate,  hair- 


^ 
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a  b  c 

a.  Spiral  forms  with  a  flagellura  at  only  one  end.  6.  Bacillus  of  typhoid 
fever  with  flagella  given  off  from  all  sides,  c.  Jj&rge  spirals  from  stagnant 
water  with  wisps  of  flagella  at  their  ends  {gpiriUum  undiUa). 


like  appendages  or  flagella,  by  the  lashing  motions  of 
which  the  rods  possessing  them  are  propelled  through 
the  fluid.  In  some  cases  the  flagella  are  located  at 
but  one  end  of  a  bacillus,  either  singly  (monotrichic)  or 
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in  a  tufl  (lophotrichic) ;  again,  tliey  may  Ik'  seen  at  both 
jK)lo.s;  and  in  some  (!ast»s,  osjKjcially  with  the  bacillus 
of  typhoid  fever,  they  are  given  off  from  the  whole  sur- 
face of  the  rod  (])eritriehic).  (See  Fig.  7.)  In  a  few 
instances  similar  locomotive  organs  have  been  detected 
on  s])herical  bacteria — /.  e.,  motile  micrococci  have  been 
observed. 

For  a  long  time  this  pn)perty  of  independent  motion 
conld  only  be  assnmed  to  l)e  dne  to  the  possession  of 
some  such  form  of  Icxiomotive  apparatus,  beciuise  similar 
appendjiges  had  l>een  seen  uiK)n  some  of  the  large  motile 
spirilhi  found  in  stagnant  water,  but  it  was  not  until  a 
few  years  ago  tliat  the  ac(^uracy  of  this  assumption  was 
actually  demons trateil.  JJv  a  special  method  of  staining 
LiWHer^  was  the  first  to  render  visible  these  hair-like 
appendages.  His  method,  as  well  as  the  several  modi- 
fications that  hav«'  been  made  of  it,  depends  for  success 
ujMjn  the  use  of  mordants,  thnjugh  the  agency  of  which 
the  stains  emj)loy(Hl  are  caused  to  adhere  with  increased 
tenacitv  to  the  obiects  un<ler  treatment. 

*  l/»tlk'r  s  iiu^thofl  of  staining  wiU  be  found  in  the  chapter  devoted 
to  this  jiurt  of  the  technique. 


CHAPTER    III. 

Principles  of  sterilization  by  heat — Methods  employed — Discontinued 
sterilization — Sterilization  under  pressure — Apparatus  employed — 
Chemical  disinfection  and  sterilization. 

Op  fundamental  importance  to  successful  bactiTio- 
logical  manipulations  arc  acquaintance  with  the  prin- 
ciples underlying  the  methods  of  sterilization  and  dis- 
infection, and  familiarity  with  the  approved  methods 
of  applying  these  principles  in  practice. 

In  many  laboratories  it  is  customary  to  enii)loy  tlic 
term  sterilization  for  the  destruction  of  l)a(*teria  by  heat, 
and  the  term  disinfection  for  the  accomplishment  of  the 
same  end  through  the  use  of  chemical  agents.  This 
distinction  in  the  use  of  the  terms  is  not  strictly  correct, 
as  we  shall  endeavor  to  explain. 

The  laboratory  application  of  the  word  sterilization 
for  the  destruction  of  bacteria  l>y  high  temperatures 
probably  arose  from  the  circumstance  that  culture- 
media,  and  certain  other  articles  that  it  is  desimble 
to  render  free  from  bacterial  life,  are  not  treated  by 
chemical  agents  for  this  purpose,  but  are  exposed  to 
the  influence  of  heat  in  various  forms  of  apparatus 
known  as  sterilizers ;  and  the  process  is,  therefore, 
known  as  sterilization.  On  the  other  hand,  cultures 
no  longer  useful,  bits  of  infected  tissue,  and  apparatus 
generally  that  it  is  desirable  to  render  free  from  (hingcT, 
are  commonly  subjected  for  a  time  to  the  action  of  (chem- 
ical compounds  possessing  germicidal   properties — i,  e., 
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to  tlu»  jK^tion  of  (lisiiifeetaiits ;  and  the  procoss  is,  there- 
fore, known  sis  disinfcc^tion,  thoni^h  the  siimo  end  can 
also  Ik;  roacluHl  hy  the  a])])li(.*ution  of  lioat  to  these  arti- 
rifs.  Strictly  sjK'alvin^,  sterilization  implies  the  «wii- 
////•//•  di'stnicrtion  of  thr  vitality  t)f  all  micro-organisms 
lliat  may  be  pn>s(>nt  in  or  u|X)n  th(;  Hubstunce  to  be 
i-t«Tiliz<*d,  and  can  Ix'  a(MM)mj)Iisli(Ml  by  the  proper  appli- 
'•riMori  of  both  thermal  and  chemiiud  agents;  Avhile 
di-iijfer:tioii,  lhono;h  it  may  insure  the  destniction  of  all 
I;'. inj^^  form*  that  are  present,  ncvd  not  of  necessity  do 
.'^y  but  iiiMV  bf-  limited  in  its  action  to  those  onlv  that 
;#',-•«--  tJie  pi>\\«T  of  liifrHintf ;  it  may  or  may  not,  there- 
r-.H  .  Im-  eoiii|>lete  in  tile  sense  of  sterilizati(m.  From  this 
V. «-  .-it'  it  is  pns*ibl«'  to  aee«im|)lish  lK>th  sterilization  and 
di-injirtioii  as  wwll  bv  c-liemieal  as  by  thernuU  means. 

In  pnirtjee  the  emjiloyment  of  these  means  is  gov- 
<rjj*d  bv  eirenmstanees.  In  the  lal)or:itorv  it  is  essen- 
rial  tlint  all  eulture-nieclia  with  whieh  work  is  to  be 
'■ondiiete<|  should  be  free  fnau  liviu^  bacteria  or  their 
.'■\ttt\'ir> — they  must  Ixi  sterile;  and  it  is  equally  impor- 
t:uit  that  their  original  ch(>mi(*al  couiposition  should 
r« main  unchan<(ed.  It  is  evident,  ther(»for(»,  that  ster- 
ili/:ition  of  these  substances  bv  means  of  chemicals  is 
oiii  of  the  ipiestion,  for,  wliih*  the?  media  onuUl  be  thus 
sJ«  rili/<'d,  it  would  be  necessary,  in  order  to  a(.'com])lish 
till-,  to  :iild  to  them  sub>tances  capable  \\\\{  only  of  <lc- 
?-tro\in;.'  :ill  rnicro-firirauisms  present,  but  whose  pr(»s- 
I'liri-  wonld  :ii  the  sim*-  time  prevent  the  growth  of 
b.i'ii  ri:i  t)i:it  jire  to  br  -ubseipientlv  cultivated  in  these 
ni'Jia  -  ih.it  i-  to  -:iy,  niter  pertbrmiu«r  their  sterilizing^ 
or  'j'-rmitidiil  rinniiMn  the  ch<'mi<*al  disinfectauts  wouhl, 
bv  th'ir  t'iirlh«r  pn-rncc,  e\hil)it  tlh'ir  (fitfif*rjifh'  prop- 
ertir-  ruMl  thu-  r<'iHhr  lh<-  luaterial  useless  as  a  culture- 
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medium.  Exceptions  to  tliis  are  seen,  however,  in  the 
case  of  certain  volatile  substances  possessing  disinfect- 
ant powers — chloroform  and  ether,  for  instance ;  these 
bodies,  after  exhibiting  their  germicidal  activities, 
may  be  driven  off  by  gentle  heat,  leaving  the  media 
quite  suitable  for  purposes  of  cultivation.  They  are 
not,  however,  in  general  use  in  this  capacity. 

The  circumstances  under  which  chemical  sterilization 
or  disinfection  is  practise<l  in  the  laboratorj'  are,  ordi- 
narily, either  those  in  which  it  is  desirable  to  render 
materials  free  from  danger  that  are  not  affected  by  the 
chemical  action  of  the  agents  used,  such  as  glass  appa- 
ratus, etc.,  or  where  destructive  changes  in  the  compo- 
sition of  the  substances  to  be  treated,  as  in  the  case 
of  old  cultures,  infected  tissues,  pathological  exudates, 
faeces,  etc.,  are  a  matter  of  no  consequence.  On  the 
other  hand,  for  the  sterilization  of  all  materials  to  be 
used  as  culture-media  heat  only  is  employed.^ 

The  two  processes  will  be  explained  in  this  chapter, 
beginning  with 
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Sterilization  by  means  of  high  temperature  is  accom- 
plished in  several  ways,  viz.,  by  subjecting  the  articles 
to  be  treated  to  a  high  temperature  in  a  properly  con- 
stnicted  oven — this  is  known  a.s  dry  storilizjition ;  by 
subjecting  them  to  the  action  of  streaming  or  live  steam 
at  the  temperature  of  100°  C  ;  and  by  subjecting  them 
to  the  action  of  steam  und(T   pressure,  under  which 

*  An  occasional  exception  to  this  is  the  use  of  chloroform,  mentioned 
above. 
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circumstance  the  temp^iratiire  to  which  they  are  eX 
posed  befomes  more  and  more  elevated  ae  the  preesuE^ 
i  lie  reuses. 

Experience  has  taught  us  that  the  pnwosa  of  steT^ 
iiixution  by  dry  heat  is  of  limited  upplii'ation  becauM 
of  its  many  disadvantages.  For  gutu^essi'id  sterilizatjol 
by  the  method  nf  dry  heal,  nnt  only  is  a  relativeQl 
high  tcmjK'ratiire  needed,  bnt  the  .inbstanccs  undel 
treatment  must  be  exposed  to  this  temperature  for  i 
comparatively  long  time.  The  jH?netration  of  dry  hei 
into  materials  whicli  are  to  be  titcrilized  is,  moreova 
much  lew*  thorongh  than  that  of  steam.  Many  e 
stances  of  vegetable  and  animal  origin  are  render 
valueless  by  subjection  to  the  dry  method  of  eterilizatioi 
For  these  reasons  comparatively  few  materials  ean  1 
sterilized  in  this  way  without  seriously  imjmiring  th^fl 
further  uaefidness. 

Successful  sterilization  by  dry   heat  cannot  Ufiiiftl^ 
be  accomplished  at  a  temperature  lower  than  150"  CM 
and  to  this  degree  of  heat  the  objectt;  !-hould  be  snbi 
jected  for  not  les,-*  than  one  hour.     For  the  sterilistatJoi 
therefore,  of  the  organic  materials  of  which  the  met 
employed  in  bacteriological  work  arc  composed,  and  i 
domestic  articles,  such  as  cotton,  woollen,  wooden,  aiH 
leather  articles,  this  method  is  wholly  unsuitable, 
biicferiologieal   work  its  application   is  limited  to  thi 
sterilization  of  glassware  principally — such,  for  example^l 
as  flasks,  plates,  small  dishes,  test-tubes,  pipettes — ani'M 
such  metal  instruments  as  are  not  serionsly  injnrcd  by  1 
the  high  tcmiM?rature, 

Sterilization  by  moist  heat — steam — oflers  conditions 
miieh  more  favorable.     The  penetrating  power  of  Ihe 
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steam  is  not  only  more  complete,  but  the  tempera- 
ture at  which  sterilization  is  ordinarily  accomplished  is, 
as  a  rule,  not  destructive  to  the  objects  under  treat- 
ment. This  is  conspicuously  seen  in  the  work  of  the 
laboratory;  the  culture-media,  composed  in  the  main 
of  decomposable  organic  materials  that  would  be  ren- 
dered entirely  worthless  if  exposed  to  the  dry  method 
of  sterilization,  sustain  no  injiirj-  whatever  when  intel- 
ligently subjected  to  an  equally  effective  sterilization 
with  steam.  The  same  may  be  said  of  cotton  and 
woollen  fabrics,  bedding,  clothing,  etc. 

Aside  from  the  relations  of  the  two  methods  to  the 
materials  to  be  sterilized,  their  action  to  wan!  the  or- 
ganisms to  be  destroyed  is  quite  different.  The  pene- 
trating power  of  steam  renders  it  by  far  the  more  effi- 
cient agent  of  the  two.  The  spores  of  several  organisms 
which  are  killed  by  an  exposure  of  but  a  few  moments 
to  the  action  of  steam,  resist  the  destructive  action  of 
dry  heat  at  a  higher  temperature  for  a  much  greater 
length  of  time. 

These  differences  will  be  strikingly  brought  out  in 
the  experimental  work  on  this  subject.  For  our  pur- 
poses it  is  necessary  to  remember  that  the  two  methods 
have  the  follo^v^ng  applications : 

The  dry  method,  at  a  temperature  of  150^-180°  C. 
for  one  hour,  is  employed  for  the  sterilization  of  glass- 
ware, such  as  flasks,  test-tubes,  culture-dishes,  pipetk^s, 
plates,  etc. 

Sterilization  by  steam  is  practised  with  all  culture- 
media,  whether  fluid  or  solid.  Bouillon,  milk,  gelatin, 
agar-agar,  potato,  etc.,  are  under  no  circumstances  to 
be  subjected  to  dry  heat. 

The  manner  in  which  heat  is  employed  in  proc(»ssos 
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of  Htoriliziition  varios  with  cirfiinistances.     When  used 
ill  thi>  dry  form  its  application  is  ahvays  continuous — 
/.  f.,  tho  objorts  t4)  he  sterilized  are  simply  exposed  to 
the  i)n>|H'r  tempenitiire  for  the  length  of  time  nccessar}" 
to  <l(*stn)y  all   living  organisms  which   may  be   upon 
them.     With  the  use  of  steiim,  on  the  other  hand,  the 
arti(^h's  to  he  sterilized  x\rv  frequently  of  such  a  nature 
that  a  ])roloiigiHl  application  of  heat  might  materially  in- 
jure them.     For  this  aud  other  reascms  steam  is  usually 
applie<l  int(»riuittently  aud  for  short  |K*riods  of  time.   The 
priuriples  iuvolved  iu  the  iutcrmittent  method  of  sterili- 
zatiou  de|H'Hd  upon  dilfereuees  of  resistance  to  heat  which 
the  organisms  to  he  destroyeil  arc  known  to  possess  at 
diifereut  stages  of  thiir  development.     During  the  life- 
eyele  of  many  of  the  haeilli  there  is  a  stage  in  which 
the  resi>tarK-r'  of  the  orgjiiiism    to   the   action  of  botli 
t'hemieal  antl  thermal  agmts  is  niiieh  gn»ater  tlian  at 
other  stage-   of    th<ir   ch'Vrlopment.      This   increased 
jiower  of  roistanee  apjx-ars  when  these  orgtmisms  are 
in  thp  spore-  or  rest  hit f-sfii(ft\  to  which    reference   has 
silri-ady  ])oen  made.     WImmi  in  the  vegetative  or  grow- 
*n;i  stage  nio>t  haetcria  are  killed  in  a  short  time  by  a 
^•Ijilivily  low  tc^miM-niture ;  whereas,  under  conditions 
■'"'■ii  lavor  the  ))r<Mluetion  of  sj)ores,  the   sjK>res  are 
-Ml  ti,  |,<.  ra|)ahle  of  resisting  very  much  higher  tom- 
!'•  /i.iMi.  .  r.,i-  .,„  apprecial)ly  longer  time  ;  indeed,  siK>re8 
'^1   "  «!:.if,  |,:M.i|li  have  hcen  encountered  that  retain  the 
I"'"'  '  "1"  ^"  riiiinating  after  an  exposure  of  from  five  to 
-•»   I. '/Hi-  lo  tin.  trui|MTatnrc  of  hoiling  water.     Such 
p" '.•1-1,1    iv-i-ijiiirr  lijivr   iH^ver  l)<*en   ohserved  in   the 
^^•-"  I..I. .-   MiiLM  or  d('vclopmcnt.     Thes<»  difrereiiees  in 
"''■'*""    '"  *"■''    ^\lii'h  the  spore-forming  org:inisms 
!'•'  ■'■■   :•!    iImIi    diiriniit    stages   of    devel(»pment   an? 
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taken  advantage  of  in  the  process  of  sterilization  by 
steam  knoAvn  as  the  discontiymoufi,  fractional y  or  inter- 
rn  if  tent  method  ^  and  are  the  essential  feature  of  the 
principles  on  which  the  method  is  based. 

As  culture-media  are  dependent  for  their  usefulness 
upon  the  presence  of  more  or  less  unstable  organic 
compounds,  the  object  aimed  at  in  this  method  is  to 
destroy  the  organisms  in  the  shortest  time  and  with 
the  least  amount  of  heat.  It  is  accomplished  by  sub- 
jecting them  to  the  elevated  temperature  at  a  time 
when  the  bacteria  are  in  the  vegetating  or  growing  stage 
— L  e,y  the  stage  at  which  they  are  most  susceptible  to 
detrimental  influences.  In  order  to  accomplish  this  it  is 
necessary  that  there  should  exist  conditions  of  tempera- 
ture, nutrition,  and  moisture  which  favor  the  vegetation 
of  the  bacilli  and  the  germination  of  any  spores  that 
may  be  present.  When,  as  in  freshly  prei)ared  nutrient 
media,  this  combination  is  found,  the  spore-forming  or- 
ganisms are  not  only  less  likely  to  enter  the  spore-stage 
than  when  their  environments  are  less  favorable  to  their 
vegetation,  but  spores  which  may  already  exist  develop 
very  quickly  into  mature  cells. 

It  is  plain,  then,  that  with  the  first  application  of 
steam  to  the  substiuice  to  be  sterilized  the  mature  vege- 
tative forms  are  destroyed ;  while  certain  spores  that 
may  be  present  resist  this  treatment,  providing  the 
sterilization  is  not  continued  for  too  long  a  time.  If 
now  the  sterilization  be  discontinued,  and  the  material 
which  presents  conditions  favorable  to  the  germination 
of  the  spores  be  allowed  to  stand  for  a  time,  usually 
for  about  twenty-four  hours,  at  a  temperature  of  from 
20°  to  22°  C,  those  spores  which  resisted  the  action  of 
the  steam  will,  in  the  course  of  this  interval,  germinate 
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into  till;  toas  rts-istaiit  vogotutive  cells.     A  second  sho) 
expusure  to  the  stt-am  kills  tlicso  forms   hi  turn,  i 
by  a  repetition  of  thiR  process  all  haetcrin  that  i 
present  may  I»e  destroveil  witliont  the  application  i 
the  stfam  iiaving  been  of  long  duration  at  any  tin 
It   should   be   remembered    that   while   aporus   whifl 
may  be  present   are   not  directly   killed   by  such   i 
ex|)osiire  to  htat  ius  they  experience  in  the  intert 
tt'ut  mptho4l  of  Kteriliitation,  still  their  power  of  j 
mination  \n  somewhat  inhibited  by  this  treatment, 
this  nietho*!,  tiierefore,  if  the  temperature  of  100° 
be  employed  for  too  long  a  time,  it  is  possible  so  I 
retard  the  germination  of  the  spores  as  to  rejider  | 
ini|H)8flibIe  for  them  to  develop  into  the  vegetative  si 
during  the  interval  between  the  hejitings, 
sively  long  exposures  to  high  temperature,  but  not  lot 
enough  to  destroy  the  spores  directly,  the  object  aim 
at  in  the  metho<l  may  be  defeated,  and  in  the  end  t 
substance  undergoing  Ht«riIi7^tion  he  found  stall  to  a 
tain  living  bacteria.     In  this  process  the  plan  that  I 
given  most  satisfactory  results  is  to  suhjeet  the  n 
to  be  stt^'rilized  to  the  action  of  steam,  under  the  ord 
nary  conditions  of  almoajiberic  pressure,  for  iifteen  i 
ut«8  on  each  of  three  successive  days,  antl  during  t 
intervals  to  maintiiin  them  at  a  temperature  of  ab< 
25°-30°  C.     At  the  end  of  this  time  all  living  or^ 
isms  which  wore  present  will,  as  a  general  rule,  hafl 
l)een  destroyed,  and,  unless  opportunity   is  given  iiiS{ 
the   aeeess  of  new  organisms  from  without,  the  euV 
stances  thus  treate<l  remain  sterile.     As  an  exeeptio 
to  this,  certain  sjiecios  of  spore-forming  bacteria  are 
occasionally  encountered  thnt  are  not  readily  <lestroyedl 
by  this  mode  of  treatment.     These  sjiecies  are  found  so  1 
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uniformly  in  the  soil  that  the  customary  designation  for 
them  is  that  of  "  the  soil  bacteria."  This  group  includes 
a  number  of  species  that  are  endowed  with  remarkable 
resistance  to  heat.  Some  of  them  are  probably  ther- 
mophilic by  nature,  which  would  account  not  only  for 
the  failure  to  destroy  their  spores  by  the  ordinary  ex- 
posures to  steam,  but  also  for  their  slow  and  inix>mplete 
development  from  the  spore  to  the  less  resistant  vege- 
tative stage  during  the  intervals  between  the  heatings, 
for,  as  a  rule,  the  materials  containing  them  are  kept  at 
a  temperature  during  these  intervals  that  is  too  low  to 
favor  the  rapid  germination  of  the  s|)ecies  having  ther- 
mophilic tendencies. 

As  a  result  of  the  presence  of  these  species,  meilia 
that  have  been  subjected  to  the  customary  discontin- 
uous method  of  sterilization  may,  after  having  been 
kept  for  a  time,  reveal  the  presence  of  isolated  col- 
onies of  bacteria  distributed  through  them  in  such  a 
way  as  to  preclude  all  likelihood  of  their  having  fallen 
upon  it  from  the  air  after  sterilization  was  supposedly 
complete. 

Theobald  Smith  *  has  recently  called  attention  to  an  in- 
structive personal  experience.  He  finds  that  when  media 
are  present  in  vessels  in  only  thin  layers  the  spores  of 
anaerobic  species  do  not  develop  into  the  vegetative 
forms  during  the  inter\'al  between  the  heatings,  for  the 
reason  that  the  shallow  layer  of  medium  does  not  suf- 
ficiently exclude  free  oxygen  to  permit  it ;  and  by  sub- 
jecting such  materials,  apparently  sterilized  by  the  inter- 
mittent method,  to  strictly  anaerobic  conditions  a  devel- 
opment of  anaerobic  species  will  often  occur.     On  the 

^Theobald  Smith:  Journal  of  £xi)erimental  Medicine,  vol.  ill.  No. 
6,  p.  647. 
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otluT  hand,  if  tlio  v('ss<4s  lx»  nearly  filled  with  media, 
and  <'s|K»cia]]y  if  tlu*  aroa  of  the  surface  be  smnll,  the 
conditions  are  inncli  more  favonihle  to  the  ^rmination 
of  anaerohir  s]H)res,  an<l  sterilization  by  this  process  after 
Kiirh  pre<*antions  is  usually  jxTftH't. 

Fortunately,  these  umh'simhle  ex]>orionct»s  are  rare, 
hill  that,  they  do  (M'<ur,  an<l  result  in  no  small  degree 
of  aniioyanee,  will  be  admitted  by  most  bacteriologists. 

It  niii^t  i>e  borne  in  mind  that  this  metlxKl  of  steril- 
i/;ilion  is  only  ap|»lieal)le  in  those  eases  which  prestmt 
rohdilions  favorable  to  the  ^erminatitm  of  the  spores 
jnio  niatin-f  v<'p*tative  cells.  Dry  substiinces,  such  as 
in-trinm-nts,  bandages,  a])paratus,  etc.,  or  organic  ma- 
il-rial.*^  in  which  dee()inpo.-ition  is  far  advanced,  where 
rondili'ins  of  nutrition  favorable  to  the  gennination  of 
.  |,on-  are  not  pre^nt,  do  not  offer  the  conditions  reqiii- 
.  ill  for  iIh'  sneees>ful  openition  of  the  principles  under- 
j.in;'  til'*  intermittent  method  of  sterilization. 

'I  Iic  pruce-s  of  fnietional  sterilization  at  low  tempera- 

ho'      i     l»:ised    upon    exactly  the    sune  principle,  but 

»|illi  »■■    in    fN^'<»     respects     from     the    foregoing   in    the 

^,,  ,,,,„  ,    |,\     which    it    is   ])ra<'tiscd,   viz.,   it    n*(piircs  a 

.,,.,i.r    niiml"»*  <>*    <'xp<»sures  for  its  accomplishment, 

^^j    j),,     1,  iiipcratin*e  at   which   it   i>  conducted  is  not 

,         i  ..      it)    (\    It  is  cmpl<»vc<l  for  the  st<Tili/4itionof 

jl     ,|, ,  ,,i,,|iM  al>Ic  ujatcrials,  wlii<-h  would  be  rendered 

,        I        I,. MM    l»nt  whi<'h  are  unalt<n'd  bv  the  tem- 

,,(,,»     .  mMl"\'d,  and  for  i'crtain  alhuminous  eidture- 

ji  ^   jl^^,  II  ,    ,|,    iiahic  to  retain   in  a  flui<l  condition 

I.  .  ..       I   ,ili..iln'ii.  h««*  which  wuuhl  Im'  coagulated  if 

,  J  ,  |,i  .1,,  ,    (,  iii|icratures.     This  pnK'css  rccpiires 

'      M»  t(.  lid  lo  !'<'  ■  lerilized  shoidd  be  subjected   to 
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a  temperature  of  68^-70°  C.  for  one  hour  on  each  of 
six  successive  days,  the  interval  of  twenty-four  hours 
between  the  exposures  admitting  of  the  germination 
of  spores  into  mature  cells.  During  this  interval  the 
substances  under  treatment  are  kept  at  about  25°- 
30°  C.  The  temperature  employed  in  this  process 
suflBces  to  destroy,  in  about  one  hour,  the  vitality  of 
almost  all  organisms  in  the  vegetative  stage.  Formerly 
blood-serum  was  always  sterilized  by  the  intermittent 
method  at  a  low  temperature. 

Sterilization  by  steam  is  also  practised  by  what  may 
be  called  the  direct  method^that  is  to  say,  both  the 
mature  organisms  and  the  spores  which  may  be  present 
in  the  material  to  be  sterilized  are  destroyed  by  a  single 
exposure  to  the  steam.  In  this  method  steam  at  its  ordi- 
nary temperature  and  pressure — live  steam  or  streaming 
steam,  as  it  is  called — is  employed  just  as  in  the  first 
method  described ;  but  it  is  allowed  to  act  for  a  much 
longer  time,  usually  for  not  less  than  an  hour ;  or  steam 
under  pressure,  and  consequently  of  a  higher  tempera- 
ture, is  now  frequently  employed.  By  the  latter  pro- 
cedure a  single  exposure  of  fifteen  minutes  is  sufficient 
for  the  destruction  of  practically  all  bacilli  and  their 
spores,  providing  the  pressure  of  the  steam  is  not  less 
than  one  atmosphere  over  and  above  that  of  normal ; 
this  is  approximately  equivalent  to  a  temperature  of 
122°  C.  to  which  the  organisms  are  exposed. 

The  objection  that  has  been  urged  to  both  of  these 
methods,  particularly  that  in  which  steam  under  press- 
ure is  employed,  is  that  the  properties  of  the  media 
are  altered.  Gelatin  is  said  to  become  cloudv  and  lose 
the  property  of  solidifying ;  in  bouillon  and  agar-agar 
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fine  precipitates  are  said   tn   result,  aii<l  some  beliei 
tlie  reactiou  uuilergocs  u  cliange.      In  tlif  PXperieiM 
of  those  who  have  used  stcuni  under  pressure  not  i 
^■eeding  one  atmoi^pliere  for  teu  to  fifteen  niiiiiitts  tlivc 
obstacles  have  rarely  been  encountered.     Thert 
point  to  be  borne  in   mind,  however,  in  using  BteaDl 
under  pressure,  viz.,  it  is  not  possible  to  regulate  t 
///lii;  of  fxpo»ure  to  the  same  dt^rec  of  nicety  as  wh^ 
ordiaarj'  live  ateam  ia  used,      The  reason   for  this  i 
that  if  the  apparatus  be  opened  to  remove  the  objec 
Iteing   steri]i»ed  while   the   steam   within   it   is   uiitlC^ 
pressure,  the  escape  of  stean]  will  be  so  rapid  that  i 
fluids  within  the  chamber,  thus  suddenly  relieved  < 
pressure,  will   begin   to  boil  violently,  and,  as  a  rule, 
will   l)oil  (juitc  out  of  the  tubes,  flasks,  etc.,  coDtaining 
(hem.      For  this  reason   the  nppuratu.')  must  be  kept 
closetl  until  cool,  or  until  the  gauge  indicates  that  press- 
na'  no  longer  exist*  within  tlie  chamber,  and  even  then 
it  should  be  opened  very  cautiously.     It  is  jratent  from 
this  that  the  temperature  and  time  of  ex|)osurc  of  arti- 
cles sterilize*!  by  this  process  cannot  usually  be  con- 
tmll«i  with  accnraey.     It  requires  some  time  to  reach  » 
iriveo  prwsure  after  the  a])paratus  is  closed,  and  it  also 
rponires  time  hr  cooling  after  the  desired  exposure  to 
midl  pn-ssure  before  the  apparatus  can  be  opened. 

It  is  manifest  that  during  these  three  periods,  vit, 
{n\  rtnehing  the  pressure  dcsin-d,  (fi)  time  during  which 
Iho  itpwure  is  mniiitai"e«l,  and  (c)  time  for  fall  of  pres»- 

>  1  fore  Ihe  ehumher  can  be  opened,  it  is  difficult  to 
***'     ri  iiilv  ti>  what  temperature  and  pressure  the  arti- 

!^  1  tW  iqnw"''"-"  ''"'■'■'  ""'  ""■  "■*"'''  ''^^"  s<'h)«ted. 
"J^^.  y. ..  ,i,,^in>ii  pressure  and  temperature  have 
^^'*^"  I  f«r  '*■"  miii'itcs,  one  cannot  say  that 
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that  is  aU  the  heat  to  which  the  nrticles  have  Ikjoii  sub- 
jectpd  during  iheir  stay  in  the  ehamber.  In  this  light, 
while  steam  under  pressure  may  answer  very  well  for 
routine  steriliiiation,  still  it  presents  insurmountahle 
obstacles  to  its  use  in  more  delicate  experiments  where 
time-exposure  to  definite  tcmjie  rati  ire  is  of  importance. 
Nevertlieless,  for  general  laboratory  purposes,  sterili- 
zation by  steam  under  prcsBure  has  so  muth  to  retiom- 
mend  it  in  the  way  of  economy  of  time  and  certainty 
of  accomplishment  that  it  haa  practically  superseded 
the  older  metJKHlM  of  st^'rilization  by  streaming  or  live 


eteam ;  and  in  most  lal»ratories  the  original  styles  of 
st«am  sterilizere  are  rapidly  giving  way  to  some  one  or 
another  of  the  modern  forms  of  autoclave. 
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For  steriliaition  by  live  steam  the  ai>p!iratii8  in  c 
nidii  use  was  for  a  long  time  llw  cylliulrical  Iwilor  r 
ommended  by  Kwh.     (Son  Fig.  8.)     It«  coiistructiol 
is  very  simple,  csHcntially  that  ol'  the  ordinary  domes  * 
potHU>-stearaer.     It  cflrwists  of  a  etippcr  cyliuder,  thi 
lower  fifth,  approximnti'ly,  of  wbicli  is  somewhat  larger 
ill   cireuraferenee   tli:iii    the   romiiiniiig   foiir-fiflhs  and 
serves  as  a  reservoir   for   the  water   from  wMoh 
steam  is  to  be  gi-neratetl.     Covering  this  section  of  i 
cylinder  is  a  wire  rack  or  grating,  througli  which  1 
steam   passes,  and  whicli   sup|)orts   tlie  articles  (o 
fltcrilized.     Aliove  this,  comprising  the  rcmaiuii>g  fotd 
fifths  of  tlie  cylinder,  is  the  chamber  for  the  i 
of  tlie  materials  over  and  through  whjoh  the  steam  ia  K 
pass.     Tlie  cylinder  is  olose<l  by  a  snugly  fitting  otrH 
through  which  are  usually  two  perforations,  into  whid 
a  thermometer  mid  a  inaQometer  may  be  inserted, 
whole  of  the  outtT  surface  of  the  appanitus  ia  encased  % 
a  non-conducting  mantle  of  asbestos  or  felt. 

The  water  is  heated  by  a  gas-llame  placed  in  an  e 
closed  chamber,  upon  which  the  apjiaratas  rests,  whiQ 
serves  to  diminish  the  loss  of  iieat  and  deflection  of  t" 
ttame  throngh  the  action  of  draughts.  The  appara 
is  simple  in  construction,  and  the  only  point  which  j 
to  lie  observed  while  using  it  is  the  level  of  the  \ 
in  the  reservoir.  On  the  reservoir  is  a  »vater-gaiij 
which  indiciites  at  all  times  the  amount  of  water  in  t1 
apparatus.  The  amount  of  water  should  never  !k'  too  smal 
to  lie  indieatitl  by  thf  piugt^ ;  otherwise  there  is  dangers 
of  the  reservoir  iH^coming  dry  and  the  bottom  nf  the  ai>- ■ 
paratus  being  destroyed  by  ihe  direct  action  of  the  tiamc.  J 

A  sterilizer  diat  has  eonie  into  very  general  use  ia  1 
bacteriological   lalxinitoriei^   is  one^  originally   intended  i 
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for  use  in  tlie  kitehcn.  It  ih  called  tlie  "  Anidlii  stoam 
sterilizer."  It  is  very  iugenious  in  its  construction  as 
well  as  economical  in  its  employment. 

The  difTerciice  betwcftn  this  appunitus  and  that  just 
dcscribeil  Is  that  it  provides  for  the  condensation  of  the 
steam  after  its  escape  from  the  sterilizing  chiimbcr,  and 
returns  the  wafer  of  condensation  automatically  to  the 


Ainolil  ileam  stcriltier. 


refler\'oir,  so  that  in  practice  the  apparatnti  requires  hut 
little  attention,  as  with  ordinary  care  there  is  no  likeli- 
hood of  the  water  in  tiie  reservoir  becoming  exhausted, 
with  the  consequent  dostruction  of  the  sterilizer. 
Fig.  9  shows  a  section  through  this  apparatus. 


STERILIZATION    UNDKR    PRESSURE. 

The  advantages  of  the  uae  of  steam  under  pressure 
for  the   purposes  of  st<;riliz!iti«n   have  received  such 
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general  reiwgnition  that  almost  everywhere  this  tn<.-th< 
in  Hupplaiiting  the  oliler  one  oC  hi  term  itU^  tit  sterllizatioi 
ivith  streaming  or  live  steani.  By  this  plan  one  is  able 
til  acwJiuplisli,  by  a  single  cxpuwiire  of  fitleea  minutes  to 
hU:iini  under  a  presBure  of  one  atraasphere,  the  a 
that  would,  with  bti'eamiiig  st«um,  ru^uire  tliree  ex\ 
iircs  of  fifteen  miiiutea  on  oaoh  of  three  euceessive  t! 


^ 

... 

r 

^kS^S 

4i^ 

= 

J 

/         ^ 

I 

AUf"''"*''' '*"''""^ 


ncRi.    -».  Eiiteniftl«ii|Karanoi!.    i(.  yi^lon. 


**«,  .11  '»'■•  '"'""■"'  .""■  T"  I   7  ■'"',,  > 

^  *"  ,.       ^^f  ^t^«ra  in  a  ehaml>er  from  which  it 

*"  ''^'^  wliin  fhf  appuratUB  is  cIoBed.     UjHin  the 

.  (-Itiimhcr  iH  "  saf<>ty-valvc,  wliich  ciin  l«> 

»   .  -„y  degree  of  pressure  (and  euiuci- 
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deiitly  of  tempemtiire)  that  a  desirable  may  be  main- 
tained within  the  sterilizing  chamber.  These  sterilizers 
arc  known  as  ''  digesters  "  and  as  "  aiitoi^laves."     Their 


constrnetion   can   best  be   understotMl   by   rfference  to 
Figs.  10  and  U. 

STERILIZATION   BY   H<1T   AIR, 

The  hot-air  sterilizers  u.'wd    in  Inlmratories  an-  >im- 

ply  double- wiilkn!   Imxe.s  of  Russian  or  Swe<iish  iron 


(Fig,  12),  having  a  double-wiiHcd  door,  which 
tiglitly,  mid  a  heavy  copper  iMttom.  They  are  pre 
vidcd  witli  o|ieniiig»  for  the  escape  of  tlic  coutamed  air 
and  the  entrance  of  the  heated  air.  The  flame,  usually 
from  u  rose-burner  {Fig.  13),  is  applied  directly  to  tlM 
bottom.  The  lieat  circulates  from  the  lower  s 
urouud  about  tlic  apparatus  tiirough  the  e 
itj*  walls. 


■ectly  to  UM^^_ 

sarfaei^^H 

ace  betwoe^^^l 


Luburalory  >>"t'Nl 


The  coiifltrnction  of  the  copper  bottom  of  the  ap] 
mtus  upon  which  the  flame  inipinjjeH  is  dcui^ncd  to  p 
vent  the  direct  action  of  tlie  flame  Upon  the  slicet-iPQ 
bottom  of  the  chamber.  It  consists  of  several  eopp( 
plat«'9  placed  one  above  the  "ther,  but  with  a  space 
about  4  to  fl  mm.  I)ctwi'en  the  plates.  Tlieae  ciipperl 
bottoms  ufU'r  a  time  become  burni'd  out,  and  unlcsa  ^ 
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they  are  replaced  the  apparatus  is  useless.  The  older 
forms  of  hot-air  sterilizers  are  so  constructed  that  their 
repair  is  a  matter  involving  some  time  and  expense. 
To  meet  this  objection  I  had  constructed  some  years  ago 
a  sterilizer  in  all  respects  similar  to  the  old  form  except 
in  the  arrangement  of  the  copper  bottom.  This  latter 
is  made  in  such  a  way  that  it  can  easily  be  removed,  so 
that  by  keeping  several  h^ets  of  copper  plates  on  hand  a 
new  plate  can  readily  be  inserted  when  the  old  one  is 
burned  out. 

In  the  employment  of  the  hot-air  sterilizer  care 
should  always  be  given  to  the  condition  of  the  copper 
bottom ;  for  the  direct  application  of  heat  to  the  sheet- 
iron  plate  upon  which  the  substances  to  be  steril- 
ized stand  results  not  only  in  destruction  of  the  appa- 
ratus, but  frequently  in  destruction  of  the  substances 
undergoing  sterilization. 

Since  the  temperature  at  which  this  form  of  steril- 
ization is  usually  ac<*-omplished  is  high,  from  150°  to 
180°  C,  it  is  well  to  have  the  apparatus  encased  in 
asbestos  boards,  to  diminish  the  radiation  of  heat  from 
its  surfaces.  This  not  only  confines  the  heat  to  the 
apparatus,  but  guards  against  the  destructive  action  of 
the  radiated  heat  on  woodwork,  furniture,  etc.,  tliat 
may  be  in  the  neighborhood. 

CHEMICAL  STERIIilZATION   AND   DISINFECTION. 

As  has  been  stated,  it  is  jK)ssible  by  means  of  cer- 
tain chemical  substances  to  destrov  all  bacteria  and 
their  spores  that  may  be  within  or  upon  various  mate- 
rials and  objects — i,  e.,  to  sterilize  them  ;  and  it  is  also 
possible  by  the   same   means  to  rob   objects  of  their 
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(langennis  infective  pro|M?rtii'8  without  at  the  i 
tiiim  sterilizing  them — ('.  e.,  to  ilisiiifi-ct  tlieni.  TIij 
latter  prtRWse  dependB  upon  the  fai:t  tliat  the  ' 
ity  i)f  miiny  of  tlie  less  resistiint  ptilhotjmii;  oi 
irtniM  in  (wiily  (leHtroyed  liy  an  exposure  to  partioul 
cheiiiiiral  milifhincei^  that  may  lio  witliiiut  cfTeet  up* 
rile  mure  reuistant  wiproitiiyt^-M  and  tlieir  spores  that  a 
pn-fR-nl. 

In  ^neral,  the  use  of  eheniit^ls  for  utcrilizatiou  I 
not  tii  lie  cotiKiilereU  in  cfiiiiiet^tion  with  »iuhiitances  tb 
are  to  be  employed  as  tniUure-media,  and  their  emplojl 
ment  is  reatriettHl  in  the  laboratory  to  materials  I 
are  of  no  fiirtlier  value,  and  to  infeeted  articles  that  an 
not  injured  by  the  aotaon  of  the  agents  used,  tliotigh  ex- 
eeptionally  Hiieh  volatile  germicides  as  clilortiform  and 
ether  are  employed  lor  the  sterilization  of  special  cnlture- 
niedia.  (See  Preaervation  of  Blood-serum  witli  C'hloro- 
ftirm.)  In  »hort.,  they  are  mainly  of  vahie  in  rendering 
infected  waste- materials  innoeuons  For  the  suceefsful 
pt rforinance  of  this  form  of  disuifection  thtre  i"  one 
tundiimt  ntal  ruk  ilMa>9  to  be  bornt  in  nimd  m7.,  it 
IN  e«iH4titiul  to  snectssthat  the  dlsl^fee^^nt  nseil  -ihould 
c()me  in  dmit  ciiutail  with  the  Imeteria  t(  i  (  le--troyed, 
otherwise  there  is  no  di-Ainfe(.ti  >n 

For  this  ri'iiMin  one  should  always  rememlK^r,  in 
u'letning  the  disinfet^ting  agent,  the  nature  of  the  mate- 
rials eonlaining  the  Ijaeteria  ujion  which  it  is  to  uct,  for 
the  miyority  of  disinfectants,  and  particnlnrly  (li(i.>*  of 
an  inorganie  nature,  vary  in  the  decree  of  their  jxitency 
witJi  the  chemical  nature  (tf  the  mass  to  whieh  they  are 
applied.  Often  the  materials  containing  the  bacteria  (o 
Ix'  destroyed  are  of  sneh  n  eharaeter  that  they  »imbiiie 
with  the  dininfecting  agent  to  form  insoluble,  more  or 
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less  inert  precipitates ;  these  so  interfere  with  tlie  pene- 
tration of  the  disinfectant  that  many  bacteria  may  escai)e 
its  destructive  action  entirely  and  no  disinfection  be  ac- 
complished,  although  an  agent  may  have  lx?en  employed 
that  would,  under  other  circumstances,  have  given  en- 
tirely satisfactory  results. 

In  the  destruction  of  bacteria  by  means  of  chemical 
substances  there  occurs,  most  probably,  a  definite  chem- 
ical reaction — that  is  to  say,  the  characteristics  of  l)oth 
the  bacteria  and  the  agent  employed  in  their  destruction 
are  lost  in  the  production  of  an  inert  third  body,  the 
result  of  their  combination.  It  is  impossible  to  say 
with  certainty,  as  yet,  that  this  is  in  general  the  case ;  but 
the  evidence  that  is  rapidly  accruing  from  studies  uix)n 
disinfectants  and  their  mode  of  action  points  strongly 
to  the  accuracy  of  this  belief.  This  reaction,  in  which 
the  typical  structures  of  both  bodies  concerntHi  are  lost, 
takes  place  between  the  agent  employed  for  disinfection 
and  the  protoplasm  of  the  bacteria.  For  example,  in 
the  reaction  that  is  seen  to  take  place  between  the  salts 
of  mercury  and  albuminous  bodies  there  results  a 
third  compound,  which  has  neither  all  the  character- 
istics of  mercury  nor  of  albumin,  but  partakes  of 
some  of  the  peculiarities  of  both ;  it  is  a  combina- 
tion of  albumin  and  mercury,  commonly  known  by  the 
indefinite  term  "  albuminate  of  mercury."  Some  such 
reaction  as  this  apparently  occurs  when  the  soluble  salts 
of  mercury  are  brought  in  contact  with  bacteria.  This 
view  has  been  strengthened  by  the  experiments  of 
Geppert,  in  which  the  reaction  was  caused  to  take  place 
between  the  spores  of  the  anthrax  bacillus  and  a  solu- 
tion of  mercuric  chloride,  the  result  being  the  apparent 
destruction  of  the  vitality  of  the  spores  by  the  forma- 
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;rttnente  ^^^| 
had  take^^^ 


tiun  of  this  tliird  coniponiKl.     la  these  cxperttnente  1 
was  shown   thut  though  ihU  cuoibinalinti   had  I 
phice,  Btili  it  did  not  of  necessity  impK  tlie  dcalli  uf 
the  Hpores,  for  if  by  proi)t-r  ineiuiB  tht  combiimtitui  of 
mercury  with  their  prutoplaMii  was  broken  up,  niaorl 
of  ihc  Bpores  rotiiiiiied  their  vitality,  with  all  their  pre 
vioim  diswist'-produi'iug  and  cultural  peculiarities.   Cicpi 
pi-rt  employed  a  solutiou  of  anioioiiium  sulphide  1 
tlic  purpoiu.'  of  deutroying  the  combination  of  sport 
protoplasm   and   mercury ;    the  mercuiy  was  preeip 
tutM)   from  the  protoplasm  as  an  insoluble  stilphidl 
and  till'  protoplasm  of  the  spores  returned  to  its  origin 
condition.     Tiiese  and  other  somewhat  similar  cspon^ 
mcntfl  have  given  a  new  impulse  to  the  study  of  diein- 
ft^tant",  and  in  tht;  light  shod  by  thom  many  of  onr 
previously  fbrnuHl  id<:is  riincerning  the  action  of  disin- 
fivtltng  ngenta  have  Wn  modified. 

Tin*  ]in)ce8s  of  disinfection  is  uot  a  catalytic  oat 
i,f„  fKi'iirring  aimply  as  a  result  nf  the  presence  of  t 
ilUinfcf^ting  body,  which  is  not  itself  decomposed  dari 
lU  nnx^f^***  of  destruction — but  is,  as  said,  a  definite  c 
|,iii|  riiK'tion  occurring  withui  more  or  less  fixed  limiti 
lliiil.  I»  '"  "'lyi  w'tl*  "  given  amount  of  the  diBin) 
lint  urnpl'tynlMo  much  work,  expressed  in  ti^'nns  of  dtcn 
fttnlliiii     iliW.rui'tion  of  bacteria — can  be  accompliste  ' 

Ati"(hi-r  iMiInt  in  favor  of  this  view  is  the  incre 
(i(in((/f  "I  ''"■  "■'"■''""  ^''''  clfvation   of  tcniperatu 
tiiN)  iio  III  I'i'iiiy  "''"'''  "^'li^'"'™'   phenomena  the  inta 
rIU  fl'iil  ('ii|''''l'>'  "''  '''"  ''^*''*'''"  beeonip  greater  nndi 

(),„  tiillitiiii I  lM"it,  W)  in  the  process  of  dimnfwrtioi 

\\\\\  t^lltililtlfill'i"  ii'lw"""  '•"■  disinfectant  and  the  organ! 
UlUMl'l""!"-''"""'  '"  """'''  more  energetic  at  a  tcm^ 
\^\%\m  111'  'It^  M.  Wr  ('.  than  it  is  at  12°  to  16°  C. 
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A  number  of  important  and  novel  suggestions  with 
regard  to  the  modus  operandi  of  disinfection  have  re- 
cently been  brought  out  through  the  work  of  Kronig 
and  Paul/  who  took  up  the  subject  from  its  physiciil- 
cheraical  standpoint.    The  comprehensive  nature  of  this 
elaborate  investigation  precludes  more  than  a  brief  men- 
tion of  some  of  the  conclusions  reached ;  and  in  order 
that  these  may  be  intelligible  certain  beliefs  (working 
hypotheses)  of  the  physical-chemists  should  be  borne  in 
mind.     In  1887  Arrhenius  proix)sed  the  theory  that 
when  an  electrolyte  (a  compound  decomposable  by  an 
electric  current)  is  dissolved  in  water  its  molecules  break 
down,  not  simply  into  their  component  atoms,  but  into 
ionSj  which  are  atoms  or  groups  of  atoms  having  electro- 
positive and  electro-negative  characteristics.    According 
to  this  theory,  salts,  when  dissolved  in  water,  undergo 
electrolytic  dissociation   into  metallic  and  acidic  ionSy 
the  former  being  the  electro-jK)sitive  cation^  the  latter 
the  electro-negative  anion  ;  sodium  chloride,  for  exam- 
ple,   resolving  itself,  under  these  conditions,  into  its 
sodium,  or  metal-ion,  and   its   chlorine,  or  acidic  ion. 
The  electro-positive  cations,  according  to  Ostwald,  com- 
prise the  metals  and  metal-like  radicals,  such  as  am- 
monium (NH4)  and  hydrogen  (H) ;  while  the  electro- 
negative anions  include  the  halogens,  the  acidic  radicals 
(such  as  NO3  and  SOJ,  and  hydroxyl.^  Using  this  theory 
as  the  basis  of  their  investigations,  Kronig  and  Paul 

*  Kronig  and  Paul :   Zeitschrift  fur  Hygiene  und  lufectionskrank- 
heiten,  1897,  Band  xxv.  S.  1-112. 

'  Consult  Ostwald's  Lehrbuch  der  Allg.  Chemie  ;  or  Muir's  transla- 
tion of  Ostwald's  Solutions,  p.  189,  published  by  Longmans,  Green  & 
Co.,  London  and  New  York,  1891.  Also  "The  Rise  of  the  Theory  of 
Electrolytic  Dissociation,"  etc.,  by  H.  C.  Jones,  Ph.  D.,  Johns  Hopkins 
Hospital  BnUetin,  No.  87,  June,  1898,  p.  13G. 
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reached  the  following  (imrliisioiis  witli  n^rd  to  I 
action  uf  ohemiwil  disiiifii-tanta: 

The  germioiilal  vnhic  of  a  inL-tallic  salt  depends  i 
only  upon  ibi  i-pe<rilie  cliarackT,  hut  ultio  upon  that  nf  iJ 

Solutions  of  metallic  salte  in  which  the  metallic  p 
is  rt>preAent«4l  hy  a  complex  iou  and  in  whii^h  the  cote 
centratioD  nf  the  metal  ion  is  very  flight,  lutve  but 
leeble  ilisin (Mating  activ!^. 

Tlie  Iialogen  compounds  of  mercury  act  according  to 
tile  degree  of  their  dissociation. 

The   disinfecting   [mwer  of  the  halogens — ohloi 
bromine,  iodine — (as  well  as  their  eompoimds)  is  in  i 
verMf  ratio  to  their  atomic  weights. 

The  disinfecting  activity  of  watery  solutions  of  raei 
curie  chloride  is  diminished  by  the  addition  to  tbei 
of  other  halogen  conipoimils  of  metals  and  of  hjdn 
chloric  acid.  It  appmrs  pnibahle  that  this  is  doe  i 
obstniotion  offcrc*!  to  electrolytic  dissociation. 

The  disinfecting  activities  of  watery  solutions  of  n 
curie  nitrate,  mercuric  sulphate,  and  mercuric  acetates 
in(T«i>^'  by  the  moderate  addition  nf  sodium  chloriA 

In  general,  acids  disinfect  acconliiig  to  the  deg 
of  their  dissociation — i.  e.,  according  to  the  conoeots 
tion  of  their  hydrogen  ions  in  the  sohilion. 

The  IwHCS)  potasnium,  sodinm,  lithium,  and  amea 
.  Iivdroxide,  disinfect  according  to  the  d^ree  ( 
ILir  .liWicintion— »'.  f-  corresimndiiig  to  the  con« 
tntiop  of  their  hydrosyl  ions  in  the  solut^ - 

•niedisinfpftit'fr  activity  of  n  *"^-  -'■ 
— >  t-^  in  albumin""-"  li 
^^  t  this  is  due  ti>  n  diminution  in  the  eoncen- 


etallic  salts  is,  in  g 
than   in  water.      It  \ 


^  gwtalVic  ioiifl 


in  the  solution. 
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What  has  been  said  refers  more  particularly  to  the 
inorganic  salts  which  are  employed  for  this  purpose. 
It  is  probable  that  the  organic  bodies  possessing  dis- 
infectant properties  owe  this  power  to  some  such  similar 
reaction,  though,  as  yet,  these  substances  have  not  been 
so  thoroughly  studied  in  this  relation. 

The  reaction  between  the  inorganic  salts  and  albu- 
minous bodies  is  not  selective ;  they  combine  in  most 
instances  with  any  or  all  protoplasmic  bodies  present. 
For  this  reason  the  employment  of  many  of  the  com- 
moner disinfectants  in  general  practice  is  a  matter  of 
doubtful  advantage.  For  example,  the  disinfection  of 
excreta,  sputum,  or  blood,  containing  pathogenic  organ- 
isms, by  means  of  corrosive  sublimate,  is  a  procedure 
of  questionable  success.  The  amount  of  sublimate  em- 
ployed may  be  entirely  used  up  and  rendered  inactive 
as  a  disinfectant  by  the  ordinary  protoplasmic  sub- 
stances present,  without  having  any  appreciable  eflTect 
upon  the  bacteria  which  may  be  in  the  mass. 

These  remarks  are  introduced  in  order  to  guard 
against  the  implicit  confidence  so  often  placed  in  the 
disinfecting  value  of  corrosive  sublimate.  In  many 
bacteriological  laboratories  it  is  the  custom  to  keep  at 
hand  vessels  containing  solutions  of  corrosive  sublimate, 
into  which  infectious  materials  may  be  placed.  The 
value  of  this  procedure,  as  we  have  just  learned,  may 
be  more  or  less  questionable,  especially  in  those  cases 
in  which  the  substance  to  be  disinfected  is  of  a  proteid 
nature  and  where  the  solution  used  is  not  freshly  pre- 
pared. On  the  introduction  of  such  substances  into 
the  sublimate  solution  the  mercurj'  is  quickly  precip- 
itated by  the  albumin,  and  its  disinfecting  properties 
may  be  in  large  part  or  entirely  destroyed  ;  we  may  in 
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a  viTy  sliort  time  have  littli?  else  thaD  wat^T  containinpfl 
ii  prmpiiaU;  (if  albumin  and  mercury,  in  wt  Car  an  i 
viiluc  as  a  (liciiufoctant  is  eonccmix). 

Thongli  the  ntlier  iuor^mc  salt-s  have  n<it  Iwcii  t 
thoroughly  i^tudied  in  this  connection,  it  is  nevertlielesa  I 
prolialtle  that  the  same  precautions  should  be  taken  in  I 
their  cmjiloynient  as  we  now  know  to  Iw  necessary  io  J 
the  use  of  the  salts  of  raereury. 

Whore  it  is  desinible  to  use  chemical  disinfectants 
in  the  iabonitory  much  more  satisfactory  results  ( 
usually  be  obtained  from  the  employment  of  cai^wtiaJ 
iicid  in  Hulutiui).     A  3  or  4  per  cent,  solution  of  oom-l 
mcn-ial  carbolic  ai'id  in  water  requires  longer  for  di^  , 
ittfcctiim;  but  it  is,  at  the  same  time,  open  to  fewer 
ohjectioiis  than  are  (solutions  of  the   inorganic  salts; 
though  here,  too,  we  find  a  souiewltat  anali^ous  reac- 
tion U'tween   the  carbolic   a«^id   and   proteid    matters. 
ITnder  urdinary  <'ireumstanees  Its   action   Is  complete 
m  from  twenty  minutes  to  one-half  hour.     It  is  not 
reiiabU'  for  the  disinfection  of  resistant  spores;  such, 
for  instance,  as  those  of  fxKilliui  avthr/ms. 

All  tissues  containing  infectious  organisms  should  be 
fturartl,  and  all  cloths,  test-tubes,  flasks,  and  dishes 
should  be  boiled  in  2  per  cent,  wxla  (ordinary  wasliing- 
Boda)  solution  for  fifU-en  to  twenty  minutes,  or  placed 
in  tlie  Bt«im  wterilizer  for  Iialf  an  hour. 

Intestinal  ovacuations  may  best  be  disinfected  with 
Ijoiling  water  or  with  milk  of  Ihiie,  a  mixture  romjiosed 
of  lime  in  solution  and  in  susiK-nsion— onliiiary  fluid 
"  whit<^wnBh."  This  should  be  thoroughly  mixed  with 
the  evacuations  luitil  the  mass  contains  a  considerable 
ex«c^8^  of  the  lime,  and  sliould  remain  in  contact  with 
them  for  one  or  two  hours.     Excreta  may  alio  l>e  ea'^ily 
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disinfected  by  thoroughly  mixing  them  with  two  or 
three  times  their  volume  of  boiling  water,  after  which 
they  are  kept  covered  until  cool. 

Sputum  in  which  tubercle  bacilli  are  present,  as  well 
as  the  vessel  containing  it,  must  be  boiled  in  2  per  cent, 
soda  solution  for  fifteen  minutes,  or  steamed  in  the  ster- 
ilizer for  at  least  half  an  hour. 

On  the  whole,  in  the  lalx)ratory  we  should  rely  more 
uj)on  the  destructive  proi)erties  of  heat  than  u2K)n  those 
of  chemicjd  agents. 

From  what  has  been  siiid,  the  absurdity  of  sprink- 
ling here  and  there  a  little  carbolic  acid,  or  of  placing 
vessels  of  carbolic^  acid  about  apartments  in  which  in- 
fectious diseases  are  in  progress,  must  be  plain.  Treat- 
ment of  water-closets  and  cessiK)ols  by  allowing  now 
and  then  a  few  cubic  centimetres  of  some  so-cnlled 
disinfectant  to  trickle  through  the  pipes  is  ridiculous. 
A  disinfectant  must  be  applied  to  the  bacteria,  and  miiftt 
be  in  contact  with  them  for  a  long  enough  time  to  insure 
the  deatnicUon  of  their  life. 

In  the  light  of  the  latest  experiments  upon  disin- 
fectants, the  place  formerly  occupied  by  many  agents 
in  the  list  of  substances  employed  for  the  purpose  will 
most  likely  be  changed  as  they  are  studied  more  closely. 
The  agents,  then,  which  will  prove  of  greatest  value  in 
the  laboratory  for  the  puri>ose  of  rendering  infectious 
materials  harmless  are :  heat,  either  by  burning,  by 
steaming  for  from  half  an  hour  to  an  hour,  or  by  boil- 
ing in  a  2  per  cent,  sodium  carbonate  solution  for  fifteen 
minutes ;  3  to  4  per  cent,  solution  of  commercial  car- 
bolic acid ;  milk  of  limey  and  a  solution  of  chlorinated 
lime  ("chloride  of  lime'^)  containing  not  less  than  0.25 
per  cent,  of  free  chlorine.     The  chloride  of  lime  from 
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wliich  such  a  solution  is  to  l)o  niudo  should  be  fresh 
and  of  ^mkI  quiility.  (iO(mI  chlorinateil  lime,  as  pur- 
ehas(Ml  in  the  shops,  should  contain  not  less  than  2ii  to 
;j()  |MT  cent,  of  availal)lc  chlorine.  The  materials  to  Iw 
<lisinfcctc<l  in  cither  of  the  lime  solutions  should  remain 
in  them  for  about  two  hours.  The  solutions  should  lie 
freshly  prepared  when  needwl,  as  they  rapi<lly  decom- 
|H)S<'  u|N)n  standing. 

An  (infUtpfio  is  a  ImmIv  which,  hy  its  presence,  pre- 
vents tiM*  j^rowth  of  l»actcria  without  of  necessity  killhi^ 
tin-Ill.  A  IhmIv  may  he  an  antiseptic  without  ]K>sses8injj 
di-iMtirtiiiL'^  |n*o|M'rti('>  to  any  very  hifrh  dejrree,  but  a 
di-iiit'<<t:tnt   is  nlway.-  an  antiseptic  as  well. 

A  f/trinirhJr  \<  a  ImkIv  poss<'ssin«j:  the  projierty  of 
killinir  hactcria. 


CHAPTER  IV. 

Principles  involved  in  the  methods  of  isolation  of  bacteria  in  pure 
culture  by  the  plate  method  of  Koch — Materials  employed. 

As  was  stated  in  the  introductory  chapter,  the  isola- 
tion in  pure  cultures  of  the  different  sjxicies  that  may 
be  present  in  mixtures  of  bacteria  was  rendered  possible 
only  through  the  methods  suggested  by  Ko(!h.  Since 
the  adoption  of  these  methods  they  have  undergone 
many  modifications,  but  the  fundamental  principle  re- 
mains the  same.  The  observation  which  led  to  their 
development  was  a  very  simple  one,  and  one  that  is 
frequently  before  us.  Koch  noticed  that  on  solid  sub- 
stances, such,  for  example,  as  a  slice  of  j)otato  or  of  moist 
bread,  which  had  been  exixjsed  for  a  time  to  the  air  and 
which  afforded  proper  nourishment  for  the  lower  organ- 
isms, there  developed  after  a  short  time  small  patches 
which  proved  to  be  colonies  of  bacteria.  Each  of 
these  colonies  on  closer  examination  proved  to  be,  as 
a  rule,  comiwsed  of  distinct  species  of  micro-organisms. 
There  was  little  tendency  on  the  part  of  these  colonies 
to  become  confluent,  and  from  the  differences  in  their 
naked-eye  appearances  it  was  easy  to  see  that  they  rep- 
resented, in  the  main,  the  development  of  different 
species  of  bacteria. 

The  question  that  then  presented  itself  was  :  If  from 
a  mixture  of  organisms  floating  in  the  air  it  is  possible 
in  this  way  to  obtain  in  pure  cultures  the  component  in- 
dividuals, what  means  can  be  employed  for  obtaining  the 
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same  rcsiJts  at  v:iU  from  mixture  (if  diflbrent  species  of 
liacteria  when  foiind  together  under  other  conditions? 
It  waA  plain  that  the  organisms  were  to  be  distinguished 
primarily,  the  oue  from  the  other,  only  by  the  stnicture 
!ind  general  appeanmue  of  the  colonies  growing  from 
them,  for  by  their  morphology  alone  tJiis  is  impossil^lo. 
What  meanfl  might  be  devised,  then,  for  separating  tJie 
itidividnat  memben*  of  a  mixture  in  such  a  way  that 
they  would  remain  in  a  fixed  position,  and  be  so  widely 
Beparate<l,  the  one  fmm  the  other,  as  not  to  interfere 
with  the  produetion  of  colonies  of  characteristic  apj»ear- 
ance,  which  would,  under  favorable  conditions,  develop 
from  each  individual  cell? 

If  one  take  in  the  liaiid  a  mixture  of  barley,  rye, 
corn,  oats,  etc.,  and  attempt  to  separate  the  mass  into 
it-s  coDstitucnta  by  picking  out  the  differeut  grains,  the 
task  is  t^-dious,  to  say  the  least  of  it ;  but  if  the  liandfiil 
of  grain  be  thrown  upon  a  large  flat  surface,  as  upon  a 
tal)le,  the  graiuts  become  widi'ly  seiMrated  and  the  matter 
\*  considerably  simplifiii;! ;  or,  if  sown  upon  proj>er  soil, 
the  various  grains  will  develop  into  gro^vths  of  entirely 
dlH'erent  external  appearance,  by  which  they  can  readily 
Ih'  avognixcd  as  unlike  in  nature.  Similarly,  if  a  test- 
tiibc  of  decomposed  bouillon  bo  jjonred  upon  a  Ini^o, 
fiat  surface,  the  individual  bacteria  in  the  mass  are 
mucli  more  widely  et'iiarated,  the  one  from  the  other, 
than  they  were  when  the  bouillon  was  in  the  tube ;  but 
they  are  in  a  fiuid  medium,  and  there  is  no  |)ossibility 
of  their  either  remaining  separated  or  of  their  forming 
colonies  under  these  conditions,  so  that  it  is  impossible 
by  thiM  means  to  pick  out  the  individuals  from  the 
mixture. 

If,  however,  simie  substance  could  be  found  which 
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possesses  the  properly  of  bcinp  at  one  time  fliikl  and 
at  anotlier  time  solid,  uud  wliich  could  lie  added  to 
this  botiilloD  without  in  any  way  interfering  wttli  tlie 
lite-functions  of  the  l>aet<Tia,  tlieii,  lis  solid ifitatioii  set 
in,  the  organisms  would  l>c  fixed  in  their  positional,  uiid 
the  conditions  woidd  be  analogous  to  those  seen  on  tlie 
bit  of  potato. 
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oiK-i'  solid  U  niiiy  lie  ki-jit  ut  u  U'liijuniliin^  t'ltvomlilt.'  to 
tlic  growtli  oJ'  the  Itaotcm  aiul  will  rfiiiaiD  in  ite  solid 
aUitie, 

Gelatiu  was  added  U)  the  fluids  contaiuing  mixtures 
of  ha«teria,  and  the  whole  was  then  poured  ujion  a  lai^, 
flat  Htirfatre,  allowed  to  solidify,  and  the  results  not«<]. 
It  was  found  tluit  the  eonditions  seen  on  the  slice  of 
(Kitiito  could  he  reproduced  ;  that  the  individuals  in  the 
mixture  of  Imeteria  grew  well  in  the  gelatin,  and,  as  on 
the  [K)tato,  grew  iu  colonies  ol'  tyi)ieal  niaeroaeopic  ]>eeu- 
liarities,  »>  tliiit  tliey  uuidd  eusily  be  ilistangnished  the 
one  from  the  other  by  their  imked-eye-api»earances.  (See 
Fij*.  14.)  It  was  necessiiry,  however,  Ut  use  a  more 
dilute  mi.ttiii'e  of  baeteria  lh:iu  the  original  deonm- 
|K)sm1  bouillon.  The  number  of  individuals  in  the 
tube  was  su  enormous  that  on  the  gelatin  plate  they 
were  so  elosely  podcetl  together  that  it  was  impossible 
to  pick  them  out,  not  only  because  of  their  proximity 
the  one  to  the  other,  but  also  beeausc  this  paokini; 
together  materially  interfered  witli  tlie  production  of 
those  eharaetcristio  differences  visible  to  the  naked 
eye.  The  numbers  of  the  orjjauisms  were  then  dimin- 
ished by  a  proceiw  of  dilution,  consisting  of  trans- 
ferring a  small  i«>rtion  of  the  original  mixture  into  a 
seiHtnd  tnlie  of  eteriliiietl  bouillon  to  which  gelatin  had 
bd'n  addetl  and  liquefled ;  from  tliis  a  jKirtion  was 
added  to  a  third  gelatin-bouillon  tuU-,  and  so  on. 
These  were  tlien  |)oiired  ii|>on  lai-ge  surfaf-es  and  allowed 
to  solidify.  The  n'sult  was  entirely  satisfactory.  On 
the  gelatin  plates  from  the  original  tul»c,  as  was  cx- 
]»ected,  the  colonies  were  too  numerous  to  be  of  uae; 
on  the  plates  made  from  the  first  dilution  they  were 
mueb  fewer  la  numlwr,  but  usually  they  were  still  too 
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iiiiiiKToiis  anil  too  tlosfly  puckcd  to  i«Tmit  of  <-liaiufi- 
ttristii;  grtiwUi ;  on  tbe  second  dilution  l.iioy  were,  as  a 
rule,  fewer  in  uuniber  aud  widely  stjuirated,  au  tliat 
tlie  individuals  of  eat'h  species  werp  in  no  way  pri'- 
venUfl  by  the  proximity  of  their  m-ighlwrn  from  grow- 
iiif;  eaeh  in  its  typical  way.  (See  Fifj.  IS.)  There 
was  then  no  difficulty  in  picking  out  the  cnlonicH  rcsult- 
iii{f  fntm  the  growth  of  the  did'ercnt  individual  biielt-ria. 

••• 

ARC 

Sfri™of|j1aW9»boivlnelliBr*»uUsordiluliuii  upon  the  number  otcoloiiira: 
A.  llaleNii.  I.i>r"nriglnnl."     II.  VlnldllMtim.or  I'lntH  No.  ^    C.  goronil 
,    dilution,  or  finU:  Nn,  3.    About  one-fburth  iinhinii  sine. 

This,  then,  is  the  principle  underlying  Kix-h's  method 
for  the  iwilatiiin  of  bacteria  hy  means  of  soli<l  nmlin. 

The  fundamental  constituent  of  the  media  employed 
in  the  bonilhm,  which  contains  alt  the  elements  necessary 
I  for  the  nutrition  of  mont  bacteria,  the  gelatin  bi-ing  em- 
j  ployed  ejmply  for  the  purpose  of  rendering  the  bouillon 
I  fiolid.  The  medium  on  which  the  oiyanisras  are  gi-ow- 
[  ing  is,  therefore,  simply  polidifie*!  bouillon,  or  beef- 
I  tea. 

In  praeti(?e,  two  forms  of  gelatin  are  employed — the 
le  an  animal  or  bone  gelatin,  the  ordinary  table  gelatin 
I  of  gowl  (|iiality ;  the  other  a  vegetable  gehifiii,  known 
i  agar-agar,  the  native  name  for  Ceylon  mos.s  or  Ben- 
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gill  isinylatw,  *vliii-li  la  ulitainet]  fmin  a  gnHiji  of  aljpe 
growing  iu  tht;  sea  along  the  coast  of  Japan,  Cliina,  uikI 
many  parts  of  the  Ea;*t,  where  it  is  employed  as  an 
artit'le  of  diet  by  the  natives. 

The  behavior  of  the  two  kinds  of  gelatin  undiT  the 
influencp  of  heat  and  of  bacterial  growtli  renders  tluni 
of  different  application  in  bactt'riok^ical  work.  The 
animal  gelatin  liquclies  at  a  much  lower  temjK-rature, 
and  also  rcijuires  a  lower  temperature  for  its  solidifica- 
tion, than  lines  the  agar-agar.  Ordinary  gelatin,  in  the 
proportion  commonly  used  in  this  work,  Hqncfics  at 
about  24 *-26''  C'.,  an<l  beefmics  solid  at  from  R°  to  ID'^C, 
It  may  Ij«  cniploycil  for  those  oi^uiisms  wliieli  iln  not 
require  a  higher  tcmpcmture  ior  tlu'ir  development  than 
22°-24°  C.  Agiir-agar,  on  the  oiIkt  hand,  does  not 
liquefy  until  the  temjMrniture  has  reaeliod  about  y«°-9!)'' 
C.  It  remains  fluid  ordinarily  until  the  tcmjierature  has 
fallen  to  38°-39°  C,  when  it  nipidly  eolidifiea.  ]'"or 
our  purposes,  only  that  form  of  agar-agar  can  be  used 
which  remains  fluid  at  from  38°  to  40°  C  Agar-agar 
which  remains  flnid  only  at  a  temperature  above  this 
[loint  woidd  be  too  hot,  when  in  u  fluid  state,  for  use; 
many  of  the  oi^nisnie  introduced  into  it  would  either 
Ik'  destroyed  or  cheeked  in  their  development  by  so  high 
a  teniiwrature.  Agar-agar  ih  cmployol  in  thosi'  cases  in 
which  the  cultivation  must  be  conducted  at  a  tempera- 
ture above  the  melting-point  of  gelatin. 

Ill  addition  to  their  thermal  reactions,  these  two  forms 
of  gelatin  are  affected  very  difi'erently  by  diftereut  species 
of  Imcteria.  As  wo  shall  learn  later,  certain  bacteria 
elaborate  iu  the  course  of  their  growth  digestive  (jiro- 
tcolytic)  enzymes  or  ferments  that,  in  their  action  upon 
proteid  matters,  are  strikingly  like  jiepgin  in  some  and 
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trypsin  in  other  instances.  When  bacteria  endowed 
with  this  physiological  property  are  cultivated  upon 
bone  gelatin  their  growth  is  accompanied  by  the  pro- 
gressive digestion  (liquefaction)  of  the  gelatin,  which 
liquefied  gelatin  cannot  again  be  brought  to  a  solid  con- 
dition. We  know  of  no  bacteria  capable  of  producing 
a  similar  liquefaction  of  agar-agar  or  vegetable  gelatin. 
This  striking  difference  between  the  two  gelatins  under 
the  influence  of  bacterial  activity  is  one  of  the  most  im- 
portant  and  commonly  employed  differential  reactions 
in  the  identification  of  species. 

As  a  rule,  the  colony-formations  seen  upon  gelatin 
are  much  more  characteristic  than  those  which  develop 
on  agar-agar,  and  for  this  reason  gelatin  is  to  be  pre- 
ferred when  circumstances  will  permit.  Both  gelatin 
and  agar-agar  may  be  used  in  the  preparation  of  plates 
and  Esmarch  tubes,  subsequently  to  be  described. 


CHAPTKE  V. 

Prepiiratioii    of    mediiv— Bouillon.    BelftUn,    agar-ii] 

An  has  bc^cn  stated,  tiie  tuDdanientul  constituent  n 
culture-media  is  becf-tca,  or  Imuilloii. 

BouiLr>(>N. — The  directions  ol"  Kwli  for  the  prupara^ 
tion  of  this  niediuiii  have  undergone  many  mixlilit^tions 
to  meet  Ppecial  taises  ;  but  for  general  use  his  original 
formula  is  still  retained.  It  is  as  follows :  500  grammes 
of  finely  chopped  lean  beef,  free  from  fat  and  tcndona, 
arc  to  be  soaked  in  one  litre  of  water  ibr  twenty-four 
hours,  during  which  time  the  mixture  is  to  remain  in 
an  ice-chest  or  t^»  be  otherwise  kept  at  a  low  t*'inpera- 
ture.  At  the  end  of  twenty-four  hours  it  is  to  be  strained 
tlirough  a  coarse  towel  and  pressed  until  a  litre  of  fluid  ib 
obtained.  To  this  are  to  be  added  10  grammes  (1 ,0  per , 
cent.)  of  dried  pi'ptoue  and  5  grammes  (0,5  per  e(-ut.)of 
common  salt  (NuCi).  It  is  then  to  be  rendered  exactly 
neutnd  or  very  slightly  alkaline  to  litmus  with  a  few 
drops  of  saturated  siKlium  carbonate  solution.  The  flask 
containing  the  mixture  is  then  to  l>e  placed  either  in  a 
steam  sterilizer  or  in  a  water-hath,  or  over  a  free  flame, 
and  kept  at  the  boiling-point  mitil  all  the  albumin  is 
coagulated  and  the  fluid  portion  is  of  a  clear,  pale 
straw  color.  It  is  then  filtered  thmngh  a  folded  puper 
filter  and  sterilized  in  the  steam  sterilizer  by  the  frac- 
tional nietliotl.  Certain  modifications  of  this  methotl 
are  of  sufllioient  value  Ut  justify  mention.     Must  ini- 
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portant  is  the  neutralization.  Ordinarily,  this  is  ac- 
complished with  the  saturated  sodium  earl)<)nate  solu- 
tion, and  the  reaction  is  det(»rmiued  with  red  and  bhie 
litmus  papers  ;  for  the  beginner  this  metliod  serves  most 
purposes. 

The  sodium  carbonate  solution  is  not  so  good,  how- 
ever, as  a  strong  solution  of  caustic  s<Kla  or  potasli, 
because  the  carbonic  acid  libenited  from  the  sodium 
carbonate  frequently  gives  rise  to  a  confusing,  tem- 
porary acid  reaction  which  disapi)ears  on  lieating; 
nor  is  litmus  the  most  reliable  indicator  to  c^mploy. 
To  obviate  this,  Schultz  {Cenfralb.  f.  BakL  u.  PaiY^v//- 
enkunde,  1891,  B<1.  x.,  Nos.  2  and  3)  recommends  exact 
titration  with  a  solution  of  caustic  soda.  For  tliis  pur- 
pose a  4  j)er  cent,  solution  of  caustic  soda  is  pr("])ared. 
From  this  a  0.4  per  cent,  solution  is  made,  and  with  it 
the  titration  is  practised.  After  the  Iwuillon  has  been 
deprived  of  all  coagulable  albumin  and  blood -coloring- 
matter  by  boiling  and  filtration,  and  has  cooled  down 
to  the  temperature  of  the  air,  its  volume  is  exactly 
measured. 

From  this  a  sample  of  exactly  5  or  1 0  c.c.  is  then  taken, 
and  to  it  a  few  drops  of  one  of  the  indicators  com- 
monly employed  in  analytical  work  are  ad<led.  Schultz 
recommends  1  drop  of  phenolphtalein  solution  (1 
gramme  of  phenolphtalein  in  .SCO  c.c.  of  alcohol)  to  1 
c.c.  of  bouillon.  The  beaker  (containing  the  sam])le  is 
placed  upon  white  pa]XT,  and  the  dilute  caustic  soda 
solution  is  then  allowed  to  drop  very  slowly  into  it 
from  a  burette,  until  there  appears  a  very  delicate  rose 
color,  which  indicat(»s  the  beginning  of  alkaline  reaction. 
A  second  sample  of  the  bouillon  is  treated  in  the  sjime 
way.     If  the  amounts  of  caustic  soda  solution  required 
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for  citcli  samplis  iU'viaU-  but  vory  alightly  or  not  at  ^1 
tlie  one  from  tiio  other,  tlie  mean  oi'  these  amounts  ii 
taken  as  the  amount  of  alkali  uec««dary  to  neutralin 
the  quantity  of  bouillon  emphiyed.  If  lOc.c,  of  bouillm 
were  employed,  tlieu  for  the  whole  amount  of  1  litr 
just  100  times  as  much,  minus  that  for  the  two  liamplei 
used  in  titration,  will  be  needed.  For  example: 
neutralize  10  c.c.  of  bouillon  2  c.c.  of  the  diluted  (0.4 
per  cent.)  caustic  soda  solution  were  employed.  Foi 
the  remaining  980  c.c.  of  the  litre  of  bouillon,  then,^ 
1 96  C.C.  (200  c,e.  less  4  c.c,  the  amount  employed  for  the 
two  samples  of  10  c.c.  each  of  bouillon)  are  needed  of 
the  0.4  per  cent,  solution,  or  one-tenth  oi'  this  amount 
of  the  4  per  cent,  caustic  soda  solution. 

For  the  neutralization  of  tlie  whole  bulk  of  the 
bouillon  it  is  better  to  employ  the  stronger  alkaline 
solution,  as  by  its  use  tlie  volume  is  not  increased 
t«  so  great  an  extent  as  when  the  dilute  solution  is 
used. 

It  is  evident  that  this  mefhoil  is  ranch  more  exact 
thaTi  that  ordinarily  employed  ;  but  nt  the  same  time  it 
must  be  remembered  that  for  its  success  exactness  in 
the  measurement  of  the  volumes  and  in  the  preparation 
of  the  dilutions  is  required.  To  obviate  error,  it  is 
better  t<>  employ  this  method  when  the  solutions  are  all 
cool  and  of  nearly  the  same  temixrature.  so  that  rapid 
fluctuations  in  toni]»erature,  and  conseqnent  alterations 
in  volume,  will  n"l  materiuily  interfere  with  the  accn- 
lacy  of  the  results. 

This  method  "f  neutral  ization,  as  su^ested  by 
Schulti;.  should  be  adopted  for  expiTiment«  in  which  it 
K  4«qtable  to  have  tiie  reaction  of  the  medium  accurate 
and  coostently  of  the  same  degree. 
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For  the  purposes  of  the  l)egiiiner,  however,  results 
quite  satisfactory  in  their  nature  may  be  obtained  by  tlie 
employment  of  the  saturated  sodium  carbonate  sohition 
for  neutralization,  with  litmus  jxipcr  as  the  indicator. 

In  the  exhaustive  j)aixT  of  Fuller  *  on  tin*  (jucstion  of 
reaction  it  was  shown  that  the  results  obtained  by  titrating 
the  same  culture-medium  with  the  same  alkaline  solu- 
tion differed  ver>'  markedly  with  the  indicator  employed. 
For  instance,  a  litre  of  onlinary  meat-infusion  nutrient 
agar-agar  required  47  c.c.  of  a  normal  caustic  alkali 
solution  to  neutralize  it  when  plienolphtalein  was  the 
indicator  used,  28  c.c.  when  blue  litnuis  was  (»mployed, 
and  5  c.c.  when  rosolic  acid  was  substituted.  It  is 
manifest  from  this  that  the  actual  reactions  of  media, 
in  the  neutralization  of  which  different  indicators  have 
been  used,  may  differ  very  widely  from  one  another, 
and  that  the  results  of  cultivation  on  a  medium  neu- 
tralized by  one  method  are  not  fairly  comparable  with 
those  obtained  when  another  indicator  lias  l)een  used. 
For  the  sake  of  uniformity  Fuller  su^p'sts  that  bac- 
teriologists should  agre(»  upon  some  one  trustworthy 
method  of  neutralization  and  employ  it  to  the  ("xelusion 
of  other  methods.  lie  recommends,  as  the  procedure 
that  has  given  the  most  satisfactory  results  in  his  bauds, 
a  modification  of  Schultz's  method,  viz.,  o  c.c.  of  the 
culture-medium  are  to  be  mixed  with  45  e.e.  of  distilled 
water  in  a  porcelain  cvaporating-dish  and  boiled  for 
three  minutes,  after  which  1  c.c.  of  |.lienolphtaleiii 
solution  *  is  added  and  titration  with  the  one-twentieth 
normal  caustic  alkali  solution  is  (juiekly  made.      The 

*  FuUer:  "On  the  Proper  Keiution  of  Niitritnt  Mcdin  for  I>;nl<'rial 
Culti\'ation,"  Public  Uealtli  iJoiirnal  of  the  Aiucrican  Piil)lir  Health 
Association),  Quarterly  Series,  IS!).'),  vol.  i.  p  .'{>!. 

*  A  0.5  per  cent,  solution  of  the  powder  in  ,"»n  p<r  cent,  alcohol. 
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m'litnti  |ii>iiit  {sli^iilly  on  tlii'  kiiIl'  hI'  alkalinity)  i»  in< 
(jutted  by  tlm  uppcuniucc  of  a  pink  color,  the  effect 
the  alkali  od  tlic  phenolphtak-iu.  From  the  smoui 
of  one-twcntiL'tli  normal  alkali  solution  needed  for 
r.o.  of  the  medium  it  is  easy  to  calculate  the  number  ofi 
cubic  eeutimetroB  of  the  normal  solution  that  will 
required  to  neutralize  the  entire  moss. 

The  phenolphtalein  neutral  point  lies  so  high,  avi 
aging  47  c.e  of  normal  eaustic  alkali  solution  per  lit 
for  nutrient  meat^in  fusion  agar-agar,  and  66  c.c. 
litre  for  nutrient  jjclatin,  that  it  is  improbable  from 
]K'rienee  giiined  fmni  the  older  methods  that  the  con< 
tions  offered  by  media  neutnd  to  this  indicator  are  suit? 
able  for  the  growlh  of  all  bacteria,  so  that  with  particular 
Bpecies  it  mny  be  ni-eussary  to  determine  by  experiment 
the  degree  of  deviation  from  the  neutral  point  that  ia 
best  suited  for  devehtpment.     In  Fuller's  experience 
degree  of  de\iatiou  from   the  phenolphtalein   neuf 
point  that  gives  in  general  the  best  resnlts  is  repreeeni 
by  from  1 5  to  20  of  his  scale — i.  e.,  there  should  remi 
enough  uncombined  acid  in  a  litre  of  the  finished       _ 
dium  to  rei|utre  t\\Q  j'miher   addition  of  caustic  alkali  to' 
the  extent  of  from  15  to  20  c.c.  of  a  normal  solution  to 
bring  the  reaction  of  the  mass  up  to  the  phenolphtalein 
neutral  iwint.     Thus,  for  example,  if  upon  titration 
should  be  found  that  to  ■nmiraiUe,  a  litre  of  nutrii 
meat-infusion   gelatin   by   the  phenolphtalein    pi 
S5   c.c.   of  normal   cjiustic   alkali   solution    woidd 
needed,  the  amount  actuiiRy  adtled  would  be  from 
to   40   O.C. — i.  e.,  from    15   to   20   c.c.  less   than 
amount  needed  to  bring  the  reaction  up  to  the  neuf 
point. 

Not   infrequently    ihc   filtere<l   bouillon,   neutrali; 
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and  sterilized,  will  be  seen  to  <M)ntain  a  fine,  floociilcnt 
precipitate.  This  may  l>c  due  eitluT  to  c'x<*css  of  alka- 
linity or  to  incomplete  precipitation  of  tlic  ali>uniin. 
The  former  may  l)e  corrcct(»<l  with  dihite  accti**  <»r 
hydrochloric  acid,  and  the  bouillon  ag-ain  boiled,  lil- 
tereil,  and  sterilized  ;  or,  if  due  to  the  latter  <*anse,  .^sub- 
sequent boiling  and  filtration  usually  result  in  ri(Min«r 
the  bouillon  of  the  precipitate. 

Another  modification  now  generally  employed  is 
the  use  of  meat.-ex tracts  instead  of  infusion  <»f  meat. 
Almost  any  of  the  mcat-i'x tracts  of  eomuKn-e  answer 
the  purpose,  though  we  usually  employ  LifbigV.  It 
is  used  in  the  strength  of  from  two  to  I'onr  gniniincs  to 
the  litre  of  water.  Pept(me  and  s<Mlimn  ehl()ri<l('  are 
added  as  in  the  bouilhm  made  fn»ni  ineat-infii^ion. 
The  advantages  of  meat-extniet  are  :  it  takes  less  tiiin' ; 
affords  a  solution  of  more  uniform  eomposition  if  used 
in  fixed  proportions;  and  in  general  ns(»  giv<'s  rrsnlts 
that  are  equally  as  satisfactory  as  thos(^  obtained  IVoiii 
the  employment  of  infusi<m  of  meat. 

Nutrient  Gelatin. — For  the  pr<'|>arati«)n  ol'gclatin 
the  bouillon  is  first  made  in  the  way  given,  cxrcpt 
that  its  reacticm  is  corrected  aft<'r  the  gelatin  has 
I)een  completely  dissolved,  wliieh  oeenrs  very  ra])idly 
in  hot  bouillon.  The  reaction  ol'  tlie  ti('latin  oj"  <M>m- 
merce  is  frequently  quite  aeitl,  so  that  a  inneli  larger 
amount  of  alkali  is  need(>d  for  its  neutralization  than 
for  other  media.  It  is  possible,  however,  to  obtain 
from  the  makers  an  excellent  gra<l(»  of  gelatin  from 
which  all  acid  has  bcM'U  carefnilv  wa-hed.'  Tiie  <relatin 
is  added  in  the  i)rojx)rtion  (»f  H)  to  12  per  cent.      Its 

*He8tet»erK's  arirl-frr<',  l"»I«I-1;i1m|   L'chitiii  li.i<  '^ivni   u^  cntin-  ?<itis- 
faction  iu  this  rc-^i^Tt.     It  i^  au  iiii|iort«(l  artirlr. 
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(!oin|i)etc  solutifin  niav  be  otx'oniplished  cithi 
watpr-lmth,  in  tiie  sb^ani  st*^rili7*r,  rtr  over  a  free  Hame. 
If  the  lutu-r  n]i.'tlio<l  be  pniotisiM],  cart-  must  l>e  taken 
tiiat  the  mixture  is  (iinstantly  slirre^i  to  prevent  burn- 
ing at  the  bottom  und  eonse^juent  breaking  «>f  the  flask, 
if  a  flask  is  employed. 

Il  Is  now  itlmo!>t  the  universal  praeliw  to  n^  enam- 
elleled  iron  saiiwjjaus,  instead  of  gla^  flask.^  for  the 
piirjMise  of  making  botli  gelatin  and  agar-agar ;  by  this 
ineaus  the  free  flame  may  \k  emphiiyed  without  danger 
of  breaking  the  vepsel,  and,  with  a  little  care,  without 
burning  the  metliu.  Under  any  conditions  it  is  better 
tu  protect  the  bottuDi  of  the  vi-ssel  from  the  direct 
aetion  of  the  flame  by  the  inteqtnsition  of  several  layers 
of  wire  gauze,  a  thin  sheet  of  asbostos-board,  or  an  ordi- 
nary cast-iron  stove- pi  ate. 

When  the  gelatin  is  completely  melted  it  may  be 
filtered  through  a  folded  paper  filter  supported  on  an 
ordinarj'  fnnnel ;  if  solution  is  complete,  this  should  be 
very  quickly  aceomplisbed. 

For  the  filtration  of  stieh  substances  as  gelatin  and 
agar-agar  it  la  of  much  importance  to  have  a  properly 
foldisl  filter.  Inability  to  fold  a  fdter  properly  is  go 
common  with  iK^inners  that  a  <letailed  description  of 
the  steiw  may  not  Iw  out  of  place.  To  foM  a  filter  cor- 
rectly prooeed  as  follows :  a  circular  piece  of  filter 
paper'is  folded  exactly  through  its  etntre,  forming  the 
iVild  1  V  (F'g- 1^) '  ''"'  ""*  ^  '^  '''"'  *^''^*-'*'  '^'•'*'^  "  *'' 
formii'ig  the  fold  5;  I  nml  1'  ai-e  each  then  brought  to 
-  ,  ^\^f.  folds  3  ami  7;  1  is  then  airried  to 
J  ibrme<l,  and  by  carrying 
;  and  by  bringing  1   to  3 


I,  thus  fonnit^  ' 
the  point  7,  and  llic  foi'l 
I- »  3  the  fold  (iispn'*!" 
jmii'loTthef 
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Thus  far  the  ri<Ip?s  of  all  folds  are  on  the  side  (»f  the 
paper  next  to  the  table  on  which  we  are  iolding.     The 


paper  next  to  the  table  on  which  we  are  folding.  The 
papt^F  is  now  taken  up  and  eaeh  siwcc  between  tlie  seams 
just  produced  in  to  l>c  sutxiivided  by  a  scum  or  fiilil 
through  its  centre,  as  indicat<-<l  by  the  dotted  lines  in 
Fig.  16,  but  witli  the  creases  on  the  side  oppnuHf  to  that 


occupied  by  the  creases  1,  2,  3,  4,  rte.,  fii 
each  of  these  fidds  is  made  the  paper  is  frr 


adiiiill 


le.     As 

.-  folded 


into  a  we<Ige-shaped  bnndle  (Fij;.  17,  "1,  wliu-li  when 
opened  assumes  the  form  of  a  pnipiTly  f"M'''l  filter 
(seen  in  ft,  Fij;.  17),  Before  plufiiij:;  it  iipim  the  fun- 
nel it  is  well  to  tT"  "^'fr  ''ach  creiise  aTid  m'c  that  it  is 
as  closely  folded  as  pos>il)le,  eare  Ijciufr  taken  not  to 
tear  it     The  advantage  of  the  folded  filter  is  that  hy 
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itw  us(.i  a  miicli  mviiUT  fiUcriiip;  sui-facr  is  ubtaiiiwl, 
is  ill  contact  with  tlio  tiiiiiicl  only  at  the  ]winta  formi 
liv  the  ridges,  leaving  the  greater  part  of  the  flat  siii 
free  for  filtration. 

The  employment  of  the  hotr-water  funnel, 
ii'ciinimeiKk'd,  lias  been  (HspenHed  with  in  this  work 
a  very  large  extent,  for  the  reason  that  if  solution  o( 
the  gelatin  is  complete,  filtration  is  so  rapid  as  not  to 
necessitate  the  use  of  an  ap[)aratus  for  nmintaining  a 
Iiij;h  temperature.     The  terapeniture  at  which  the  hot- 
waliT  funnel  retains  the  gelatin  is  so  high  tliut  evapoi 
tion  !ind  concentration  rapidly  (wcur,antl  incimsequeni 
filtnition  is,  a*  a  rule,  retarded.     The  filtration  is  fre- 
quently done  in  the  steam  sf<Tilizer;  but  this  too  is 
iiiineoessary  if  the  gelatin  is  quite  dissolved.     At  the 
ordinary  temperature  of  the  room,  and  by  the  means 
commonly  employed  for  the  filtration   of  other  b\ 
stances,   botli  gelatin   and  ag-.ir-agar  may  be   rapi( 
filtere<l  if  Ihry  are  completely  dissolved. 

It  not  infrequently  occurs  that,  even  under  the 
careful  trciitment,  the  filtered  gelatin  is  not  perfe 
transparent  (the  condition  to  which  it  must  be  brought, 
otherwiwe  it  is  useli-ss),  and  clarification  bocomos  neces- 
Bury.  For  this  purpase  the  mass  must  be  rtHlissolved, 
and  wlien  at  a  t^^^mpfrature  between  60°  and  70°  C.  an 
egg,  wliich  has  iK'cn  beaten  up  with  about  50  e.c.  of 
water,  is  added.  The  whole  is  then  thorenghly  mixed 
together  and  again  brought  to  the  boiling-point,  and 
kept  thvre  until  coagulation  of  the  albumin  occurs.  The 
albumin  coagulates  an  large  flixiculent  masses,  and  it  is 
better  not  tn  brook  thetu  up  if  it  can  \k  avoided,  as 
when  bwiken  up  "it"  fi"'"  "'^''^'**  ''"'7  *^'"g  ^^  *'''«''  >^°^ 
materiaUy  retanl  filtnition. 
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The  practice  sometimes  recommended  of  removing 
these  albuminous  coagula  by  first  iiltcrin^  the  gchitin 
through  a  cloth,  and  then  through  papiT,  is  not  only 
superfluous,  but  in  most  instances  renders  tin?  prcKcss 
of  filtration  much  more  difficult,  because  (»f  the  <lisin- 
tegration  of  the  masses  into  finer  particles,  which  have 
the  effect  just  mentioned,  viz.,  of  eU>ggin^  tlie  filter. 

Under  no  circumstances  should  a  filter  be  use<l  with- 
out first  having  been  moistened  with  water.  I  f  this  is  not 
done,  the  pores  of  the  pjijxjr,  which  are  relatively  lar<j;e 
when  in  a  dry  state,  when  moistened  by  the  p*latiii  not 
only  diminish  in  size,  but  in  contnictin<j^  are  often  en- 
tirely occluded  by  the  finer  albuminous  flakes  which 
become  fixed  .within  them,  and  Hltnition  j)nictically 
ceases.  The  preliminary  moistening  with  water  causes 
diminution  of  the  size  of  the  pores  to  such  an  extent 
that  the  finer  particles  of  the  precipitate  /vn/  on  the 
surface  of  the  paper,  instead  of  becoinin<r  fixed  ///  Us 
meshes. 

During  boiling  it  is  well  to  filt<T,  from  time  to  time, 
a  few  cubic  centimetres  of  the  gehitin  into  a  test-tube 
and  boil  it  over  a  free  flame  for  a  minute  or  so  ;  in  this 
way  one  can  detect  if  all  the  albumin  has  been  coatc'J- 
lated — L  ^.,  if  the  solution  is  ready  for  flltnition. 

Gelatin  should  not,  as  a  rule,  be  boiled  more  than 
ten  or  fifteen  minutes  at  one  time,  or  he  left  in  the 
steam  sterilizer  for  more  than  thirtv  minutes ;  other- 
wise  its  projxTty  of  solidifying  may  be  imj>aired. 

As  soon  as  the  j)repanition  of  the  irdatiu  i-  comj>lete, 
whether  it  is  retained  in  tin?  flask  into  which  it  has 
been  filtered  or  decanted  into  steriiize<l  t<st-tubes,  it 
should  l)e  sterilizeil,  the  mouth  of  the  fla.'-k  or  the  test- 
tul)es  containing  it  having  previously  l>een  closed  with 
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nritfin  pliigH.     It  may  Im>  dmlixed  by  (-iiher  Uie  inteP^^ 
milient  mrtlKM)  with  strtaming  steam  or  by  i 
appliralioii  of  steam  under  |>n'<<^iire  in  the  autoclav&fl 
If  tin-  latter  nietb<x]  be  solerted,  the  pre«iire  shoul 
ntA  exa-vd  one  atmo^'phere  and  the  time  of  exposure  I 
out  over  fifteen  minutes. 

NI.'TltIK^T  A(iAR-Ar.AR, — The  preparation  of  nutriei 
af^r-Bgar  by  the  beginner  b  far  too  frequently  a  t«diom 
and  timeHKiiifuniin);  operutiun.     This  is  due  mainly  to 
Ifwlt  of  ]Kttienee  and  to  deviation  from  the  niles  laid 
down   for  the   preparation   of  this  medium.      If  the 
diriTtionH  jiiven  below  for  the  preparation  of  uutrieat  I 
sUpiT-nipiT  \k'  strictly  observeti,  no  tlitticulty  whatever  j 
ittiouM   Ik?   i.'ucouiitered.     Many   methods  are   recom-fl 
tiivndMl  lor  it«  preparation,  almost  every  worker  bavin] 
WiUK!  sliglit  modification  of  his  own. 

The  methods  that  have  given  us  the  trest  results,  an 
from  which  we  have  no  gotwl  grounds  for  deparUngi 
are  tut  follows : 

Pr<-|>are  the  Ixiuitlon  in  the  usual  way.     Again 
reoi'tn   nciitnd  or  verj'  slightly  alkaline,  so   that  1 
Itouilloii   may   Ix-  neutralizeil   before  the   agar-agar  i 
addrMl.     Thi-ii   add    finely  chopped  or  powdered  i 
Uffur  in  the  pro[Mirtion  of  1  to  1.5  i>er  cent.     Place  ti 
mixture  in  a  |K>roelain-l!ned  iron  vcsr:1,  aud  on  the  a 
of  tlic  veHHcl  make  a  mark  at  tlie  height  at  whieh  the  lei 
of  the  flnid  ntands ;  if  a  litre  of  medium  is  being  d 
add  about  '2W  to  tVV)  c.c.  more  of  water  and  allow  ti 
miiHM  to  IkjII  filowly,  occjisionally  stirring,  over  a  i 
flame,  from  one   and  a   half  to   two  hours ;   or  i 
the  <'x<'<'SH   of   waU>r— (■.  •■.,  llie  250  or  300  c.c. 
were   iidclul — Iuim   evnponiled.      Care   must   be   takei 
that  tliu  tiiixturi'  dues  not  l>oil  over  the  aides  of  thq 
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vessel.  From  time  to  time  observe  if  the  fluid  lias 
fallen  below  its  original  level ;  if  it  has,  add  water 
until  its  volume  of  1  litre  is  restored.  At  the  end  of 
the  time  given  remove  the  flame  and  plaee  the  vessel 
containing  the  mixture  in  a  large  dish  of  eold  water ; 
stir  the  agar-agar  continuously  until  it  has  eoole<l  to 
about  68^-70^  C,  and  then  add  the  white  of  one  egg 
which  has  been  bc^aten  up  in  about  50  c.c.  of  water ;  or 
the  ordinary  dried  albumin  of  commerce  nuiv  be  (lis- 
solved  in  cold  water  in  the  j)roj)ortion  of  about  10  |kt 
cent,  and  used  ;  the  results  are  e(|ually  as  ;^o(k1  as  when 
eggs  are  employed.  Mix  this  carefully  throughout  the 
agar-agar  and  allow  the  mass  to  l)oil  slowly  for  about 
another  half-hour,  observing  all  the  while  tlui  level  of 
the  fluid,  which  should  not  fall  below  the  litre  mark. 
It  is  necessary  to  reduce  the  tempeniture  of  the  mass 
to  the  point  given,  68°-70°  C. ;  otherwise  the  coagula- 
tion of  the  albumin  will  occur  suddenly  in  lumps  and 
masses  as  scM)n  as  it  is  added,  and  its  clarifying  action 
will  not  be  uniform.  Th(»  process  of  clarification 
with  the  egg  is  purely  mechanical  ;  the  finer  particles, 
which  would  otherwise  pass  through  the  pores  of  tlie 
filter,  being  taken  up  by  the  albumin  as  it  coagulat<'s 
and  being  retained  in  the  coagula. 

At  the  end  of  one-half  hour  the  boilinir  mass  may 
be  easily  and  quickly  filtered  through  a  heavy,  foldt'd 
paper  filter  <it  the  room-inn j)cr(ti}t re ;  as  a  rule,  the 
filtrate  is  as  clear  and  transparent  as  an-ar-aufar  usually 
appears. 

It  may  be  well  to  eni])hasiz(^  the  fact  that  for  the 
filtration  of  agar-agar  a  hot-water  funnel,  or  any  other 
special  device  for  maintaining  tlu*  tempeniture  of  the 
mass,  is  entirely  unnecessiiry.    Agar-agar  prepared  after 
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llif  iiicIIiimU  just  given  slmuld  |mi.'«  (liifiiigli  Ji  proj>erly  | 
liildcii  p;i|ii'r  filter  at  the  mtt'  of  a  litre  in  from  twclwJ 


',  (\a\ck\fM 


AiiiitiiiT  pliui  that  inrtim-s  complete  solution  of  tbtfj 
iigar-iiptr  witliout  cauaing  tlie  precipitutes  often  sceitH 
when    )ill    tht)    ingredients    arc    added    ut  once    and^ 
boiled  for  ii  long  time,  iw  to  weigh  out  tiie  necesi 
amount  of  iigar-agar,  10  or  15  gmmmes,  and  place  thiS', 
in  1300  or  14(Ml  e.e.  of  water  and  boil  down  over  a  freeil 
flame  in  1000  c.c.     The  peptone,  salt,  and  beef-extracfcfl 
are  then  added  and  the  Uoiling  continued  until   the] 
arc    dissolved.      The    elarification   with    egg-albu 
may  then  be  done,  and  usually  tlic  muss  filters  quitfl 
clear  and  does  not  show  the  presence  of  precipitate 
upon  c(H>Iing.     If  the  mixture  is  positively  alkaline,  ii 
is  not  only  cloudy,  but  it  filters  with  difficulty  ;  if  i 
acid,  it  is  usually  quite  clear,  and  filters  more  ( 
but,  as  Schultz  has  pointed  out,  it  lo^^cs  at  the  same  tint 
some  of  its  gelatinizing  properties,    The  iKiuillon  ahoul 
always  be  neutralized  before  the  agar-agar  is  added  i 
it;  for  if  the  bouillon  be  acid  from  the  juices  of  t 
meat,  it  rtilis  the   i^r-agar,  imder  the   influence  < 
heat,  of  |mrt  of  it*  gelatinizing  power,  which  will  no) 
be  regained  by  Bub!*oc|uent  neutral  iziiti on. 

Another  metlKxI  by  which  agar-agar  can  be  i 
and  quickly  melted  is  by  steam  tmder  pressure, 
the  fiask  containing  the  mixture  of  bouillon  and  i 
agar  bo  kept  in  the  digester  or  autoclave  for  ten  minute 
with  the  steam  imder  a  pressure  of  atxiut  one  atmo£ 
phere,  as  shown  by  the  gauge,  the  agar-agar  will 
found  at  the  end  of  this  time  completely  melted,  and  fil-J 
tnif  ion  may  then  be  mrcomplished  with  but  little  difficulty.! 

If  glycerin  is  to  be  added  to  the  agar-agar,  it  is  doDO-l 
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after  nitration  and  before  sterilization.  'I'li<*  nntritivf 
properties  of  the  media  for  eertain  nr;r:,iii..|ii^,  |>;irti<Mi- 
larly  the  tubercle  Ixieilhis,  an*  incnaMHl  l»y  tlir  adtlition 
of  glycerin  in  the  proportion  of  5  to  7  per  (('nt. 

If  afl«r  filtration  a  fine  floc<*ulent  prcr*ipitat<*  is  H<n, 
look  to  the  reaction  of  the  nuHliuni.  If  it  i>  <jiii!<- 
alkaline^  neutralize,  l>oil,  and  filter  a^ain.  If  tli*- 
reaction  is  neutral  or  onlv  verv  sliirhtlv  ari<l,  di-.-oIv*- 
and  again  clarify  with  egg-all)uniin  by  tlir  iii<tlio<i 
given. 

The  most  im]>ortiint  feature  of  all  tin-  hh  «II:i.  :i-i«!«' 
from  the  correirt  pro|K>rtion  <»f  tlir  iii^MNMlimt-,  i-  iIm  ir 
reaction.  They  must  be  neutnil  or  very  .-li;ilitly  m  1I<m I i in- 
to litmus.  (See  remarks  on  Xciitr:ilizMti«»n  oi*  M<'li:j.; 
Only  a  few  organisms  develop  \v<ll  on  mrili;!  oj'.in  .'i'i«l 
reaction.  In  all  of  the  me<lia  nicntionrd  :iIm»\«  tlw  iim  .it- 
extracts  now  on  the  market  inav  ii>ii;illv  Im-  -iil.-titiit*  d 
for  the  meat  itself  in  prepariiiL'^  tli<-  l)oiiil!on.  Tlwy 
may  be  employed  in  the  proportion  ol'  iVnjn  t\\«»  \n  fuur 
grammes  to  the  litre  of  \viit<  r. 

Preparation  of  Potatof^. —  Pntnior-  .nv  j^ivpnnd 
for  use  in  two  ways : 

1.  They  arci  taken  as  tlicy  <'oim<'  t<»  ni.irk*!  — old 
potatoes  being  usually  rcc(»ninicndrd-  -mid  en*  Jiilly 
scrubbed  under  a  water-tap  witii  a  still'  hru.-li  until 
all  adherent  dirt  has  Ixen  reniov('<l  ;  "the  eves"  ;uid 
all  discolorwl  or  deeaved  ])arts  are  earefullv  removed 
with  a  pointed  kniie.  Tliey  are  then  j»la<'ed  in  a  solu- 
tion of  corrosive  sublimate  of  the  strength  of  1  :  |(KI(), 
where  they  arcMd lowed  to  remain  I'oi-  twenty  minul'-s; 
at  the  end  of  this  time,  \vith(»ut  rinsinj^olT  the  sublimate, 
they  are  pla(^ed  in  a  covered  tin  bucket  with  a  perforated 
bottom  and  sterilized   in  the  steam  sterilizer  for  fortv- 
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five  minutes.     Oii  tlic  HetfiiKl  and  IhinI  tliiyw  the  Htoril- 
ixiiliiiii  is  I'cpfalitl  t'nr  lillt-cii  to  twenty  niiniittw  e-ar!i  day. 
They  must  not  Ixs  ruiudvwl  from  the  sterilizing  hiiektt  | 
until  sterilization  i:s  eompletc,  M'heu  they  are  ready  for  j 
use.     Wh(.'n  prepared  in  this  way  they  are  usually  in- 
tended to   he  cut  in  half,  and  the  cultivation  of  the  I 
organisms  is  to  be  eondnetc*]  ujtoii   the   flat   surfaces  I 
of  the  ructions.     (Kotih's  original  method.) 

Tliirt  nitthod  rw|uiiva  some  care  to  prevent  uontam- 
iiuitiou  during  miinipulation.     The   hand  which  is  to  I 
take  up  the  pfitato  from  the  bucket,  which  until  now  haa  j 
remained  covered,  is  first  disinfected  in  the  sublimate 
solution  for  ten  minutes;  the  potato  is  then  tuken  up 
between  the  tliumb  and  index  finger  and   severed   in 
two  by  a  knife  which  has  just  Iwcu  Htcrilizcd  in  a  free   i 
flitmc  until  it  is  quite  hot.     The  knife   is  passed  not  j 
quite  through  the  potatii,  but  nearly  so.     A  large  glaa 
culture-disli    for   the   reception   of  the   halves   of  the 
potato,  having  been  disinfected  for  twenty  minutes  with  J 
1  :  1000  sublimate  solution  and  then  drained  of  all  ad^  J 
herent  solution, should  be  at  hand  ready  for  the  potato;  J 
the  cover  is  removed,  mid  by  twisting  the  knife  gently  I 
the  halves  of  the  potato  may  be  caused  to  fall  apart  in 
the  dish  and  usually  to  fall  upon  their  convex  sur&ces,  ] 
leaving   the   flat   sections    upjtermost.     The  cover  of 
the   dish   is  replaced   and   the  |K»tato(>s  jire  rea<]y  for 
inoculation. 

2.  Prrpnrnthn  ti/jMiMni-»/or  Ifxt-tiifuHMilfiiri-n.  Method^ 
of  Bolton.^  If  the  ]n>tiit«w»  are  to  be  employed  for  testti* 
tube  cultures,  one  i<imply  scrubs  off  the  wtarser  particlea  i 
of  dirt  with  water  and  a  lirnsh,  and  with  a  cork-Imrer  | 
punches  out  cylindrienl  bits  of  potato  whi<h  will  fit 
■  UedkBl  N'rWB,  vul,  i.  uf  ltu?7,  Nu.  1^,  y.  31S. 
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loosely  into  the  test-tiilx*}*  to  lx»  us<h1.  On  onch  l)it  of 
potato  is  then  to  I)e  cut  a  slantinjr  sii Hlur  running  from 
al)OUt  the  junction  of  the  first  and  srcon<l  thirds  of  the 
cylinder  to  the  diagonally  oi)iK)site  end.  Thi»so  cylin- 
ders of  potato  arc  to  Ik?  left  in  runnin<r  water  over 
night,  otherwise  they  will  l>e  very  much  discolored  hy  tin' 
sterilization  to  which  thev  an*  to  he  siihjected.  After 
being  thus  washed  they  are  placed  in  pre- 
viously prepared  test-tubes,  one  pice*'  in  each 
tul)e,  with  the  slanting  surfac(»  up,  the  cot- 
ton plugs  of  the  tulK\s  replaced,  and  tlicy 
arc  then  to  l)e  sterilize<l  in  steam  for  fifteen 
to  twenty  minutes  on  each  of  three?  successive 
days.  Or  the  entire  sterilization  may  be  ac- 
complished in  the  autoclave,  with  the  steam 
under  a  pressure  of  one  atmosi)here,  l)y  a 
single  exposure  of  twenty  to  twenty-live 
minutes.  PotatcK's  thus  prepared  have  tlie 
appearance  seen  in  Fig.  IS,  except  that  there 
is  no  growth  u])on  the  surface  as  is  shown 
in  the  cut. 

For  some  puq)oses  potatoes  may  be  ad- 
vantageously p<»eled,  sliced  into  discs  of 
alK)Ut  1  cm.  in  thickness,  and  placed  in 
small  glass  dish(»s  i)r()vided  with  cov<'rs, 
similar  to  the  ordinarv  Petri  dishes.  TIk? 
dish  and  its  (^nitcnts  are  then  st<'rili/e<l 
by  steam  in  the  usual  way  (method  snoirestcd  by  von 
Esmarch).  By  this  plan  a  relatively  lar^e  area  lor 
cidtivati(m   is  obtained. 

Potatoes  mav  also  be  boil<'<l,or  >t<'amed,  ;ind  maslie<l, 
and  the  mass  placed  in  covcnd  dishes,  test-tubes,  (»r 
flasks,  and  st<*rilized.      I>v  this  method  one  obtains  in 


I'oUito  ill  to^t- 
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llif  muss  a  iiK.'nii  of  tlic  ctmiNHitioii  of  llic  st'veRil  ]K)ta>^ 
t'n's,  ur  I)il3  of  piiUitofH,  iiscxl  in  making  it,  an  advan*] 
Iiigf)  where  uniformity  is  desired. 

Care  must  l)e  given  to  the  sterilization  of  potAtoe8,!| 
be(xiU8e  they  always  liave  adlierin};  to  them  the  otgan- 
isms  eomnioiily  fiiiiiid  in  the  ground,  tlie  sjmres  of  whieh 
are  among  tlie  iuot>-t  resistant  known.     The  ao-cuUed 
ptitaio  haeil/ut  is  one  of  tliis  group;  it  Is  an  or^niitiilJ 
which  is  not  infrequently  more  or  less  of  un  nl>stiie.la| 
to  the  work  of  the  beginner, 

Blood-mkhitm. — By  the  original  method  of  pTe[)aring 
blood-scrum  a  great  many  preejuitions  were  taken  tliat 
ha\'e  been  found  imneceissary  to  the  sueeess  of  the  morau^ 
modem  plans. 

It  is  jMHuible  to  collect  Rernm  from  small  animals  a 
in  small  quantities  under  sneli  precautions  that  it  is  p 
liaps  not  contaminated ;  but,  ortlinarily,  for  laborato 
[Mtrpo.ses  a  lai^r  quantity  is  needed,  so  that  slau^t^hl 
houses  are  the  source  from  which  it  is  usually  ol)taine< 
and  here  a  certain  amount  of  contjiniination  is  unavoi 
able,  though  its  extent  may  be  limited  by  proper  pre 
caution?. 

The  preeaiitious  to  be  taken  at  the  shuightcr-house  ii 
the  ciillei'tion  of  bloiMl  and  the  preparation  of  serum  f(^ 
culture  purjHises  are  nixiul  as  follows : 

The  aiiiniul  from  which  the  bliMKi  is  to  be  nollec 
iiliould  be  drawn  up  to  the  ceiling  by  the  hind  I 
head  should  be  held  well  l>aek.  and  with  one  p 
very  sharp  knife  the  throat  should  be  cut.  The  blood  " 
which  spurts  from  the  severed  vessels  should  be  col-- 
Ill-led  in  large  glass  jars  which  have  Ijeeu  previouslyl 
eleaiutl  and  disinfected,  and  all  traces  of  the  disiit-] 
liH-tant  removed  with  alcohol  and,  itnally,  wilb  ether. 
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The  latter  evaporate*  very  quickly  an«l  leaves  the  jar 
quite  dry.     Tlie  jars  should  Ix*  prnvidinl  with  (»ovors, 
which  close  hermetically  ;  these,  too,  sliould  Ix;  ojinv 
fully  disinfected.     The   l)est  form  of  vc^sscls   f(»r   the 
purpose  IS  the  large  museum-jar  of  alx)ut  one  pillon 
capacity,  which  closes  by  a  cover  that  can  l>e  tightly 
screwed  down  upon  a  nihlHT  joint.     Fn)ni   two  such 
jarfuls  of  blood  one  can   re<*<»vor  quite  a  lar^e  quan- 
tity of  clear  senim,  ordinarily  fn»in  oOO  to  7(M)  (;.c.     Tlu^ 
jars  having  l)een  filled  with  blcHMl,  their  covers  are  pla<*e<l 
loosely  upon  them  and  they  are  allowtHJ  to  stand  for 
about  fifteen  minutes  until  elotting  has  begun.     At  the 
end  of  this  time  a  clean  glass  nxl  is  passed  around  the 
edges  of  the  surface  of  the  (^lot  to  break  up  any  adhe- 
sions to  the  side  of  the  jar  that  may  have*  formed,  and 
which  would  prevent   the   sinking  of*  thc^  (dot  to  the 
bottom.     The   covers   are    then    rei)laeed    an<l    tightly 
clamped  in  position,  and  with  as  little  agitation  as  pos- 
sible the  jars  are  placcMl  in  an  iee-ehest,  where  they 
remain   for   twenty-four   to   forty-<'ight   Ikmu's.       Th(* 
temperature  shouhl,  however,   not   be    h)w  enough    to 
prevent  coagulation,  but  shouhl  be  sullicicntly  h)w  to 
interfere  with  the  development  of  any   living  orgjui- 
isms  that  may  be    present.     The  tenipenitnn^  of  the 
ordinary   domestic    refrigerator    is   sullieient    for    the 
purpose.      After  twenty-fonr  to  forty-eiglit  hours  thc^ 
clot  will   have  become   firm,  and   will   be  seen  at  the 
bottom  of  the  jar.     Al)ove  it  is  a   (juantity  of  dark 
straw-colored  serum.     The  serum  niav  then  be  dnnvn 
off  with  a  sterilized  pipette  and  plac^ed  in  tall  cylinders 
that  have  previously  Ix'en  plugged  w  ith  cotton  wadding 
and  sterilized.     After  treatinii"  all  the  serum  in  this  wav, 
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care  having  been  taken  to  exclude  as  much  as  possil)le  of 
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the  <«loring-raatU'r  of  the  hltxjd,  it  may  he  ]iliic('il  agiiiii 
ill  the  ice-chest   for  twenty-four  Imiirw,  thiriDg  wliich  f 
time  the  corpuscular  elements  will  Kink  to  the  bottom 
leaving  the  MU^wrnottuit  fluid  quit*-  clenr.     This  may  ' 
then  be  pipetted  off,  either  into   sterilized  test-tubes, 
about  8  c.c.  to  each  tube,  or  ioto  small  sterilixed  flasks 
of  about  100  c.c.  ca]>acity.     It  is  then  U>  be  sterilized 
by  the  intermittent  method  al  low  (/■mpn-aturejt,  viz.,  for 
one  hour  on  cai^'h  of  flvc  consecutive  days  at  a  tempera-  J 
ture  of  ({8°-70°  C.     During  the  intervening  days  it  ia 
to  be  kept  at  the  room-tcmperatiire  to  permit  of  the 
development  of  any  t^porcg  that   may  l>e   present  into 
their   vcyt'tative   i'lirms,  in   which   condition  tliey  are 
killed   by  an   hour's  cxiWHiire  to  the   tempeniture  of  ■ 
70°  0. 


M  the  end  of  this  time  tlie  serum  in  the  tubes  may  | 
riUji-rbe  retained  as  fluid  wcruni  or  solidified  at  between  J 
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76°-80°  C.  In  solidifying  the  S4»nim  tlu*  tiiU's  slioiiKl 
Ik?  placed  in  an  inclined  ])osition,  so  that  as  «rreiit  a  sur- 
face as  possible  may  he  given  to  the  senini.  The  pn»c- 
ess  of  solidification  requires  c<»nstant  attention  if  giNnl 
results  are  to  be  obtained — i.  r.,  if  a  transhic<*nt,  solid 
medium  is  the  result.  If  the  old,  small  form  of  x\\^\m\- 
ratus  l)e  employeil  (Fig.  19),  the  solidification  can  he 
accomplished  in  a  shorter  time  than  if  the  lar^ar 
forms  commonly  employed  are  usi^^l.  No  dctinite 
rule  for  the  time  that  will  be  re<|uireil  can  be  laid 
down,  for  this  is  not  constant.  If  the  small  H>lidi ty- 
ing apparatus  be  used,  very  ^joiKl  results  may  Ik'  oI>- 
tained  in  alx>ut  two  hours  at  78°  C.  It  friHjucntly 
requires  a  longer  time  at  a  hij^her  tcinpeniture  than 
has  been  mentioned.  This  is  esjKHially  the  case  with 
LoflBer's  serum-mixture. 

The  best  results  are  obtained  when  a  low  tcinixniture 
is  employed  for  a  long  time.  Under  any  ciivu instances 
the  tubes  should  l)e  observed  from  time  to  time  tIirou<rh 
the  glass  door  or  cover  with  which  the  solidifying  oven 
is  provided,  and  each  time  the  oven  should  be  sli*ihtly 
jarred  with  the  hand  to  see  if  solidification,  as  indi- 
cated by  the  disiipjx»arance  of  tremors  from  the  serum, 
is  beginning.  If  the  tempemture  gets  t<M)  hitrh,  <>r  the 
exposure  is  too  long,  an  opaque  medium  results.  The 
temperature  to  be  observed  is  that  of  the  air  inside 
the  chamber,  and  also  that  of  the  water  surrounding  it. 
The  latter  is  usuallv  a  dejrree  or  two  hi^rher  than  the 
former.  The  tubes  should  not  rest  directly  u|>on  tlie 
heated  bottom  or  against  the  heated  sides  of  the  cham- 
ber, but  should  lie  upon  racks  of  wockI  or  wire,  and  be 
protected  from  the  sides  by  a  wire  screen  or  g:iuze  :  in 
this  way  all  the  tubes  are  exposed  to  about  the  same 
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tfi»n>er,itiirc.      Tlie   Ihoniminetpr   whiuh   indiailes 
tompuratiirc  itisitlc  the  chamber  should  oot  touch 
surfacoe,   but   kIiouKI   cither   be    guspcndetl   free   froi 
ulmvo  thi-ough  u  cork  in  the  top  of  tlie  apparatus, 
;i  large  form  of  apparatus  be  used ;  or  should  lie  upon 
a  rack  of  cork  or  wood,  its  bulb  being  free  and  u  little 
lower  than  the  other  extremity,  if  the  small,  oUl-fo^h- 
iotied  appuratus  of  Kuirh  be  employed.    Tlie  latter  foi 
iH  prefemblc,  as  it  is  more  ciwily  managed. 

When  sol  id  i  float  ion  is  eoniplete  the  tube^  are  to 
retained    in   the   ei-ect  iKtsition,  and,  unless   they 
intended  liir  immediate  use,  must  be  prevented  fi 
drying.      Tlie   superHuoit'i   ends  of   tlie   cotton   pli 
should  be  buruMl  off,  and  the  mt>nths  of  the  tubes  maj 
then  be  covered  by  sterilized  nibber  caps,  or,  as  Ghrii 
key  sug^sts,  they  may  be  closed  with  sterilized  coi 
pushed  in  on  top  of  the  cotton  plugs.     Even  with  ' 
greatest  care  it  not  uncoinraoiily  liappens  that  one 
two  of  a  lot  of  tubes  thus  prepared  and  pn>toct«l  wij 
become  contaminated.     This  is  usually  due  to  sporea  ol 
moidds  that  have  fallen  into  the  rubl>cr  eaps  or  on 
cotton   plugs    during    manipulation,   and,    finding 
means  of  outwanl  growth,  have  thrown  their  hyphi 
downward  through  the  cotton  into  the  tube,  and  their 
s|)ores  have  fiilleu  on   the  surface  of  the  serum  and 
developed  there. 

The  foregoing  is,  in  th<!  main,  the  plan  originally 
retujmmended  by  Koeh  for  the  preparation  of  this 
meiiinm.  In  recent  times,  however,  particularly  since 
the  diagnosis  of  diphtheria  by  the  metlio<l  of  Loffler  has 
bocome  so  general,  and  large  quantities  of  aerum-tubea 
have  iH-en  found  necessary,  inodifitfltions  have  been  sug- 
gesU-d  that  have,  in  tins  eomitry  at  least,  almost  entirely 


^4 


BLOODIER  r}f,  lir> 

supplanted  the  method  of  Koch.  Tluse  nuHlitii'ntions 
comprehend  hoth  the  source  niul  tlio  inaniuT  of  obtain- 
ing the  serum,  and  the  niethcKl  o(  suhsiH|noiitly  storiliz- 
ing  it.  In  the  first  pla<*i%  it  is  Inn'oniintr  more  and  more 
the  custom  to  ohtain  si*nmi  from  liorsi's,  not  Um*:iiim'  it 
p06!%sse£t  any  nutritive  advantafr^'s  over  that  fnun 
bovineSy  but  because  it  csin,  in  some  Ianj>'  eitie>  at 
leaisty  be  easily  obtainoti  fn>m  the  lal)onitories  in  \vhi(*li 
horses  are  used  in  the  pnxhietion  of  antitoxins.  In 
these  places  the  blood  isdnnvn  dinvt  from  tlie  jn«>nhn*(»r 
Home  other  hirge  vein  by  means  of  a  tnn'ar  thnist  tln\Miu:li 
the  skin  into  the  vessel.  The  ixsnh  is  that  the  animal 
is  not  injured,  the  bliMMl  is  ohtain(><l  in  a  (*leanly  manner, 
and  when  due  pn.x?iuitions  an»  taken  it  is  almost  fret» 
from  bacterial  contamination,  so  that  th<'  stirili/ation 
of  the  senim  obtaineil  fnmi  it  oHeis  little  or  no  «li Hi- 
ciilty.  For  particular  pnrj>os(»s  hloiMl  and  serum  an* 
often  obtained  in  a  somewhat  similar  manner  from  other 
animals. 

For  the  sterilization  of  s(»rnm  th.e  nH'tluKl  now  in 
V(^e  is  that  of  Cbuneilman  and  Mallorv.  Its  popu- 
larity is  due  to  the  following  faets  :  hy  it  tli(»  serum  is 
more  quickly  and  easily  ])repared  ;  riirid  precauti<»ns 
against  contamination  diirin(>:  e(t]|(>ction  of  the  serum  are 
not  so  necessary ;  and  the  resultinir  medium,  while  not 
transparent  or  even  translueent  (points  aimed  at  in  the 
original  nietho<l),  fully  meets  all  liie  retpiirenients. 

The  special  points  in  tln'  method  are:  the  serum  is 
decanted  into  test-tubes  as  soon  as  oi)tain<Ml ;  it  is  tla'ii 
firmly  coagulated  in  a  slanting  positiou  in  the  (fnf-air 
sterilizer  at  from  S()°  to  1)0°  C. ;  it  is  then  sterilized  in 
the  steam  sterilizer  at  100°  V,  on  three*  sueecssive  davs, 
as  in  the  ease  of  other  eulture-media.     Jt  mav  then  he 
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protecte<l  against  evapct ration  Ity  sterilizi'<I  rnliber  caps 
or  sterilized  corks  in  the  way  already  described,  aud  «et 
aside  until  needed. 

Unlosa  thu  coagulation  in  tlie  <lry  sterilizer  be  com- 
pUie,  the  surface  of  the  serum  will  be  found  to  be  blis- 
terod  and  pitted  by  bubbles  and  cavities  after  !t  Iiuh 
been  mibjected  to  the  stwitu  stfrilizatioii.  A  similar 
formation  of  cavities  over  the  surfiiee  of  the  scrum  will 
ooeur  if  the  temperature  of  the  hot'Cilr  sterilizer,  in 
which  it  is  solidified,  i«  allowed  to  get  above  90°  C, 
or  if  it  be  elevated  to  this  point  too  quickly. 

It  is  of  no  special  advantage  to  have  the  serum  clear, 
a.s  the  admixture  of  blood-c^oloring-matter  does  not  affect 
its  nutritive  proj^rties. 

It  is  often  desirable  to  obtain  small  quantities  of  blood- 
serum  nniler  strictly  aseptic  precautious,  and  for  this  pur- 
jxwe  Nuttall  {Centralb.far  Bakt.  u ParagUenhmdc,  1892, 
Bd,  xi,  p.  539)  suggests  a  very  convenient  method.  By 
the  use  of  a  sterilized  vessel,  of  the  shape  shown  in  Fig. 
20,  from  10  to  100  c.c.  of  blood  can  be  collected,  and  if 
pn»|jer  pre(;nutions  are  observed  no  contamination  by 
Imcteria  need  oe^ur.  The  collecting  bulb  is  used  in  the 
following  way:  an  artery,  either  femoral  or  airotid,  is 
exjKweil,  and  aniuud  it  two  ligatures  are  placed  ;  that 
distant  from  the  heart  is  tightened,  while  the  one  near- 
iwt  tlic  lieart  is  left  loose ;  between  the  latter  and  the 
heart  the  artery  is  clamped,  A  small  slit  is  then  made 
in  itit  wall,  int4i  which  the  jioint  fi  of  the  bulb  is  intro- 
duced and  the  artery  bound  tightly  around  it  witb  the 
hitherto  hmse  ligature  ;  the  clamp  is  removed  and  the 
bulb  ipiiekly  fills  with  bjootl.  Tlir  elamp  is  now  again 
put  ill  (Hwition,  the  point  of  the  bulb  removed  and 
aeuk'd    in   a   gas-flame,    the   loose   ligature    tightened, 


BLOOD-SERUM. 


117 


the  wound  closed,  and  the  hull)  eoutaininjj:  the  I)I<mm1  is 
set  aside  in  a  cool  plaee  until  (coagulation  has  occurred. 
The  serum  is  most  easilv  withdrawn  from  the  hull)  hv 
means  of  a  pi|)ette,  eloseil  ahove  with  a  cotton-plu;^,  an<l 
supplied  with  a  piece  of  ruhlxT-tuhinjj:  aiM>ut  niic-half 
metre  long,  with  glass  mouth-pie<M».  By  hol<lin^  the 
pi])ette  in  the  liand  and  sucking  upon  the  ruhhcr  tiihc 
one  can  more  easily  direct  the  point  of  the  pipette  than 

FlO.  20. 


Nuttall's  bulb  for  coUecting  blood-serum  unrlor  uiiti>«.i»iic  itrecautioris. 


if  it  is  used  in  the  ordinnrv  wav.  I'lie  l>iill)s  nro 
easily  blown,  and  after  haviu<r  been  sc^uIcmI  at  the  point 
and  plugged  with  cotton  can  he  kept  on  hand  just  as 
are  sterilized  test-tubes.  An  ordinary  test-tube  drawn 
out  at  the  lx)ttom  to  a  fine  point  may  be  snbstitnt("d 
for  the  pear-shaped  bulb  witii  e<|nally  satisfactory 
results. 

It  is  sometimes  desirable  to  preserve  blood-sernin  in 
a  fluid  state.  This  can  be  done  bv  tiic  fractional  niethiMl 
of  sterilization  at  low  tcnipcratnri's.  already  describe*!, 
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or  with  much  less  effort,  and  without  the  use  of  heat, 
by  a  method  that  we  have  foimd  very  satisfactory.  In 
the  course  of  Kirschner's  investigations  chloroform  was 
shown  to  possess  decided  disinfectant  properties ;  as  it  is 
quite  volatile,  it  is  easily  got  rid  of  when  its  disinfectant 
or  antiseptic  properties  are  no  longer  required.  If,  there- 
fore, the  serum  to  be  preserved  be  placed  in  a  closely 
stoppered  flask  and  enough  (chloroform  added  to  form  a 
thin  layer,  about  2  mm.,  on  the  bottom,  the  serum  may 
be  kept  indefinitely  without  contamination,  so  long  as 
the  chloroform  is  not  permitted  to  evaporate.  This 
latter  provision  is  one  on  which  success  depends.  If 
the  vessel  containing  the  mixture  of  chloroform  and 
serum  be  not  tightly  corkeil,  the  chloroform  Vtapor 
escapes  pretty  rapidly  and  exerts  no  preservative  action. 
In  fact,  bacteria  will  grow  uninterruptedly  in  a  cotton- 
stoppered  test-tube  containing  bouillon  to  which  chloro- 
form has  been  added.  When  retjuired  for  use,  the 
serum  is  decanted  into  test-tubes,  which  are  then  placed 
in  a  water-bath  at  about  50°  (\  until  all  the  chloro- 
form has  been  driven  off;  this  can  be  determined 
l)v  the  absence  of  its  characteristic  odor.  The  serum 
may  then  be  solidified,  sterilized  by  heat,  and  em- 
ph)yed  for  culture  purposes.  We  have  found  serum 
so  preserved  to  answer  all  requirements  as  a  culture- 
medium. 

Special  Media. — The  media  just  described — bou- 
illon, nutrient  gelatin,  nutrient  ag:ir-agar,  jx)tato,  and 
blood-serum — are  those  in  geiuaiil  use  in  the  laboratory 
for  purpos(\s  of  isolation  and  study  of  the  ordinary 
forms  of  bacteria.  For  the  finer  points  of  differentia- 
tion special  media  have  been  suggested  ;  a  few  of  them 
will  be  mentioned. 
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Milk,  Fresh  milk  should  be  allowwl  to  Htanil  ovor 
night  in  an  ice-chest,  the  creuni  then  rL'iiioved,  and  the 
Knininder  of  the  milk  pipetted  iiitu  te!st-tiil>eg,  alKiut 
8  c.e.  to  each  tube,  and  rit^^'rilized  by  the  inttinaittent 
process,  at  the  temperuture  of  i^tciini,  for  three  suoces- 
nive  days. 

The  eeparatioD  of  the  cresm  may  be  accelerated  and 
rendered  more  complete  if  tlie  cylinder  containing  the 
milk  be  placed  in  the  steam  sterilizer  for  fifteen  minutes 
before  it  is  placed  in  the  iee-ebest. 

The  cream  is  best  separated  from  tlie  milk  by  the  use 
of  a  cylindrical  vessel  with  a  stti|K^K:k  at  the  bottom,  by  ' 
mcanu  of  which  the  milk,  devoid  of  ereiun,  may  be 
drawn  off.  A  Chevalier  ercamoineU-'r  with  a  Btojjcoek 
at  tlie  bottuiii  »crves  the  puqxtse  very  well.  It  should 
be  eovere<l  while  standing.' 

Milk  may  be  U8e<l  as  n  cnlture-mertium  without  any 
addition  to  it,  or,  before  sterilizinp,  a  few  drops  of 
litmus  tincture  may  Iw  a<lde<l,  just  enough  to  give  it  a 
pale-blue  color.  By  this  nit^ans  it  will  bo  seen  that 
different  organi»-nis  bring  alwnt  different  reactions  in 
the  medium:  some  producing  alkalies,  which  cause  the 
blue  color  to  he  intensified ;  others  producing  acids,  which 
change  it  to  ret! ;  while  others  bring  alMiut  neither  of 
these  changes.  Similarly  litmus  solution  is  ofYeu  added 
to  gelatin  and  iigar-agar  for  the  same  pur)K)se. 

Milk  may  also  be  employed  as  a  solid  culture-medium 
by  the  addition  to  it  of  gelatin  or  agar-agar  in  the  pro- 
portions given  for  the  prrjMtmtion  of  onlinary  nutri- 
ent gelatin  or  agar-agar.     It  has,  however,  in  this  form 

1  For  wme  time  p«t  wc  havv  Iteen  aeing  what  is  ti>clin)ca]1y  kunwn 
•■  "  M^rator  milk  " — L  e.,  rhp  lliiM  loft  nflor  milk  ha*  bron  deprived 
ot  iu  f«l  (cteani  I  by  cenlnlug»l  torcv. 
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the  disa<lvautage  ui'  not  being  trsin  spa  rout,  and  canJ 
tiierei'ort'  best  bi;  used  for  the  etutly  of  those  itrgaDismfl^ 
which  grow  u|>on  the  aiirface  of  the  medium  without 
causing  liquefaction. 

Nutrient  gelatin  and  agar-agar  can  also  be  prepared^ 
i'loni  neutral  milk-whcy,  obtained  fifuii  milk  alter  pre-l 
cipitiition  of  the  casein. 

LUmiut-milk-whrij.  An  important  differential  medium 
is  milk-whey  to  which  lilmiis  tincture  has  been  added. 
A  number  of  methitds  for  its  prepiiratiim  are  in  use,  but 
tiie  one  employed  by  Durliam  necm.'*  to  Ih-  the  most  sat- 
isfactory. Briefly  it  is  as  follows :  fresh  milk,  free 
from  antisi'ptic  adnlterations,  is  gently  warmed  and 
clotted  with  essence  of  nmnet.  The  whey  is  strained 
off  and  the  clot  hung  up  to  drain  in  a  piece  of  muslin. 
The  whey,  which  is  somewhat  turbid  and  vellow,  is 
then  cautiously  ncutndizid  uitli  a  4  pel  cent  citnc  acid 
solution,  neutral  litmus  solution  being  used  u-  the  indi- 
lator.  It  is  then  heatci]  ujxtn  i  w  ttor  bath  to  100°  C, 
for  about  half  an  hour  thertby  ncarU  the  whok  of  the 
proteid  is  coagulated  It  H  thtn  filtere<!  clear  and  neu- 
tnd  litmus  solution  is  added  until  it  its  of  a  distinct  pur- 
ple color.  If  the  filtereil  whey  is  cloudy,  let  it  stand  in 
a  cold  place  for  a  day  or  two  and  decant  off  the  clear 
supernatant  portion  or  pass  it  through  a  Berkfeld  filter. 
The  whey  should  never  l>e  hciited  almve  100°  C.  or 
neutralized  with  minerid  aekis,  otherwise  there  is  a 
danger  of  so  modifying  the  milk-sugar  present  as  seri- 
ously to  impair  the  usefulness  of  the  me<lium.  When 
properly  prepared,  Ihe  medium  is  fi'ee  from  proteid,  and 
contains  only  water,  lai-tasc,  the  salts  of  the  milk,  and 
a  small  i^uantity  of  a  body  suggestive  of  dextrose  or 
galactose.     The  medium  is  of  great  utility  in  detecting 
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tlie  power  of  bacteria  to  cause  ucid  fermentation  in  a 
non-proteid  medium  containing  a  fermentable  sugjir; 
and  for  observing  the  variations  of  this  power  in  closely 
allied  though  not  identical  si^ecies. 

Dunham^s  peptone  solution.  The  medium  usually 
known  as  Dunham's  solution  is  pn-jwreil  according  to 
the  following  formula : 

Dried  peptone 1    {lart 

Sodiam  chloride 0.5    *' 

DutiUed  water 100    parts. 

It  is  usually  of  a  neutral  or  slightly  alkaline  reac- 
tion, and  neutralization  is  not,  therefore,  necessary. 
It  is  filtered,  decanted  into  tubes  or  flasks,  and  ster- 
ilized in  the  steam  sterilizer  in  the  onlinarv  wav. 
The  most  common  use  to  which  this  solution  is  put 
is  in  det(*rroining  if  the  orgjinisni  under  considera- 
tion possesses  the  pro^wrty  of  prcnlucing  indol  as  nnv 
of  its  metabolic  pnKlucts.  It  is  essential  for  accu- 
racy that  the  prejuiration  of  <lried  peptone  eniploye<l 
should  be  as  nearly  chemically  ])ure  as  is  possil)le, 
and  indeed  the  other  ingredients  should  be  eori-e- 
spondingly  free  from  impurities.  (Jorini  (CoifralUaff 
fur  Bakteriologie  umJ  Parat<if<iil'H)f(Ic,  18JK*5,  IM.  xiii. 
p.  790)  calls  attention  to  the  fact  that  impurities  in 
the  peptone,  particularly  the  presence  of  (•arl)ohy(lrates, 
so  interfere  with  the  pnKluetion  of  indol  by  certain 
bacteria  that  otherwise  produce  it,  that  it  is  ofttiiiics 
impossible,  under  such  circumstances,  to  ol)tain  the 
characteristic  color-reaction  of  this  body,  antl  where  it 
is  obtained  it  is  alwavs  after  a  iniicli  longer  time  than  is 
the  case  where  peptone  live  from  these  sul)stanccs  lias 
been  used. 
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Pivkliam  lias  also  denioiistnitcd  that  where  bacteria  | 
have  tlie  proiierty  of  lortitiiig  iiiilol  antl  alsii  ot"  ter-  i 
mentiiig  earbohyd rates,  their  proteolytic  fiinction, 
evidenced  by  tlie  apijearaDce  of  indol  as  a  product  i 
of  melabolisni,  may  be  completely  supprcBscd  by  thef 
addition  of  such  fermentable  carbohydnites  as  glucose,  1 
succlmroae,  and  Iaet4>se  to  the  proteid  solution  in  which  | 
they  are  developing.' 

Gorini  Buggcsts  the  advisability  of  l«stuig  the  purity  J 
of  all  peph)ne  preparations  before  using  thoni,  by  niuaas  j 
of  the  reaction  that  they  exhibit  with  Fehling's  alkit- 1 
linv   copper   solution.      Under   the   influence  of  thigJ 
agent  pure  peptone  in  solution  gives  a  violet  color  (the  I 
biuret  reaction),  which  remains  {>erntanont  even  after  I 
boiling  for  five  minntes.     If,  instead  of  a  violet  oolor,  I 
there  appears  a  red  or  reddish-yellow  precipitate^,  the 
peptone  shoidd  be  discartlod,  as  in  his  experience  no 
indol  is  prodiiced  from  peptone  giving  this   reaction. 
Both  the  peptone  solution  and  that  of  the  copper  ([lar- 
ticnlarly  the  latter)  should  be  relatively  dilute  in  order 
for  the  reaction  to  be  succef^fu). 

Pfpiotw  romfic  add  solution.  Peptone  solution  con- 
taining rosolic  acid  serves  well  for  the  detection  of  alter- 
ations in  reaction.  It  consists  of  the  peptone  solution 
of  Dunham,  to  each  100  c.c.  of  whicli  2  e.c.  of  the 
following  solution  are  added : 


This  is  to  be  bi.>iled,  filtered,  and  decante<l  into  clean, 

sterilized  test-lubeH,  almut  8  to  10  e.e.  to  each   tube. 

'  See  Jounml  of  Experimental  Mcdiciiip.  i8S7,  vol.  ii.  ii,  549. 
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snliilioii  lu  utMiiralue  it.  tarlo^  i?  atltlrd  in  tltp  prop<ir^ 
tiim  yf  2  or  ;1  pT  wnl. ;  it  i#  llifu  iKitant)^  into  test- 
IiiIm.>s  ftml  »l(.-riUn>«l  i»  tlK-  tt^ual  way.  Wbpn  st«i^ 
ilifittiun  iiri  iY>in|tlcti<  i'Ixm^  tterHiitH  litrutis  tincture 
fihmiM  l>o  uUvd  tu  ra><h  tube  to  give  a  deoided,  though 
iM»l  vcrj"  intenst-,  hlih'  f«>h>r.  This  must  be  done  c-are- 
t'lilly,  to  a\*i.ttil  cunuitiimlitMi  of  tht^  tubes  during  nia- 
uipuhttivui.  It  is  iH-tlcr  iH>t  ti>  tM  the  litmus  tincture 
bftvtfv  sleriliiii^  IIk-  tulw^  as  its  (vIoiHrliaractcristics 
nrv  »IU'rrti  by  i-uutwt  with  t.«)piuir  inatton:  under  the 
iutftHMH^  uT  h«tU  This  nmlium  is  used  for  both  teet- 
lubt«  tuul  jtlsU'  v'Hlti\-atioi»,  just  as  is  ordinarj-  agar-agar 
hihI  Ki-hitiu. 

lA^fr'»  ftA'MH(-«n-t4M  Hthivrr.  lAtffler's  blood-senim 
inixtun^  itHwIsta  of  wie  (wrt  of  neutral  meat-infusion 
iHiiiilloii,  ftitiluininj;  I  [ht  eeut.  of  gmpe-sngnr,  and 
llirt'c  \wi»  of  l>)iMMl-f<eniui.  Tliis  mixture  1$  placed  in 
ti'-l-luhtw,  Ntt'riliwHl,  niid  solidllitil  in  exactly  the  way 
yi\i'ii  for  IiIimhI-mtuiii.     It  rv<)uires  for  its  solidification 

II  -nmcwliiil  liiKher  ti'iu]>eratun<  luid  n  lunger  exposure 

III  ttilx  li'ui]i>'mlur«'  llmii  iKhw  liUxHl-wnim  to  which  no 
tiKillMon  luiM  Ui-n  mtiUil.  (See  uImi  the  Counciliniin- 
Milllory  iiii'thtHl,^ 

tlMtn'Hiiu-i'M  Mi/tir^frliltin  : 

MVMl  lllftl«l«>l  ll.-Alr.P 
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reader  is  referred  to  the  current  literatun\  Those  tlmt 
have  been  given  al>ove  will  suffice  for  obtaining  a  ctlear 
understanding  of  the  priucipleri  of  the  isuhject. 


Note. — ^The  term  "meat-infusion"  always  implies  a 
watery  extract  of  meat  made  by  mixinji^  ')0(>  gnunnies 
of  finely  chopped  lean  meat  and  1  litre  of  water,  and 
idlowing  them  to  stand  in  a  cool  ]>lacc  f<»r  twenty-four 
hours.  At  the  end  of  this  time  the  fluid  |M)rtion  is 
strained  off  through  a  (Mmrse  towel,  and  this  is  what  is 
meant  by  the  "  meat-infusion." 


CHAPTER    VI. 


While  the  media  are  in  course  of  preparation  it  \s 
well  to  get  the  test-tubeii  aud  flasks  ready  for  their 
receptiou,  and  it  la  essential  that  tiicy  !<liou1d  l>e  an  clean 
as  it  is  possible  to  make  them.  For  thi»  purpose  it  is 
advisable  that  botli  new  tiil>eB  and  those  which  have 
previously  tieeii  used  should  be  boiled  i'or  aliout  thirty 
to  forty-five  minutes  in  a  2  to  ^  per  cent,  solution  of 
common  soda ;  it  is  not  necessary  to  be  exact  a.s  to 
strength,  but  it  should  nut  be  weaker  than  this.  At  the 
end  of  this  time  tliey  are  to  be  carefully  swabbed  out 
with  a  uylindrical  bristle  brush,  preferably  one  with 
B  reed  handle  (Fig.  21,  a),  as  those  with  wire  handles 


.'ire  apt  to  break  through  the  Irottoms  of  the  tubes, 
though  Messrs.  licnts!  &  Sons,  of  this  city,  have  in 
large  ])art  eliminated  this  objection  from  the  wire-Iiaudle 
brush  depicted  in  Fig,  21,  b.     All  traces  of  adherent 
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material  should  be  carefully  removed.  Wlion  the  tuln's 
are  quite  clean  they  may  be  rinsed  in  a  wurni  Mention 
of  commeitnal  hydrochloric  acid  of  the  btrt'ii^tli  of 
about  I  per  cent.  This  is  to  remove  the  alkali.  They 
are  then  to  be  thoroughly  rins^od  inelear,  riiiinin«r  water, 
and  stood  top  down  until  the  water  lias  draiiuil  i'wm 
them.  When  drj'  they  are  to  be  phigpil  with  raw 
cotton;  this  requires  a  little  pnieti(*e  before  it  (*:ui  he 
properly  done.  The  cotton  should  be  intrixhieed  into 
the  mouths  of  the  tubes  in  sueh  a  wav  that  no  eraeks 
or  creases  exist.  The  plug  shouhl  fit  neither  Ux)  tightly 
nor  too  loosely,  but  should  be  just  firmly  enou^^li  in 
position  to  sustain  the  weight  of  the  tuln'  inti»  wliieli 
it  is  placed  when  held  up  by  the  ]>ortion  whieh  projects 
from  and  overhangs  the  mouth  of  the  tube.  The  tubes 
thus  plugged  are  now  to  he  plaecnl  uprijxht  in  a  wire 
basket  and  heato<l  for  one  hour  in  the  hot-air  sterili/er 
at  a  temperature  of  about  150°  ('.  A  very  pxnl  guide 
for  this  process  of  sterilization  is  to  <)l)serv<*  the  tnhes 
from  time  to  time,  ami  ns  soon  as  the  <'otton  has  beemne 
a  very  light-brown  color,  not  deeper  than  a  dark-eream 
tint,  to  consider  steriliziition  complete.  The  tMl)es  are 
then  removed  and  allowe<l  to  e(»ol. 

The  cotton  used  for  this  purpos<^  should  be  the  ordi- 
nary cotton  batting  of  the  sho])s,  an<l  not  absorlx'iit 
cotton;  the  latter  becomes  too  tightly  piieked,  and  is, 
moreover,  much  too  expensive  for  this  |)urpos<\ 

Care  should  Ix;  taken  not  to  hurn  tlu'  eotton,  other- 
wise the  tubes  will  l)e(;ome  eoated  with  a  dark -colored, 
empyreumatkr,  oily  deposit,  which  nccchhitatcs  rcclcans- 
ing. 

FlLlJXrj  TIIK  Ti'HiX — When  tli«'  tulicH  an*  cold 
they  may  he  filled.     This  is  best  actcomplished  hy  the 
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use  of  a  stjKiratini;  funnel,  Riich  as  is  bIiowii  in  Fig.J 
22.  The  liiiuutitil  mtHlium  id  poured  iuto  this  funnel,! 
^vhieh  has  hcen  carefully  washed,  uud  l>y  pressing  the'1 
pinchcock  with  which  the  funnel  ie  provided  the  de&iredl 
amount  of  material  (5-10  c.c)  may  be  allowed  to  flow! 
into  the  tubes  held  under  ite  opening.  It  is  not  necea-l 
sary  to  sterilize  the  fnnnol,  for  the  medium  is  to  be  sub-  * 
jected  to  this  process  as  soon  as  it  is  in  the  test-tubea. 


Care  should  be  taken  that  none  of  the  medium  is 
dropped  ujmn  the  mouth  of  the  test-tube,  otherwise  the 
cotton  plug  becomes  adherent  to  it,  and  ia  not  only 
diiflcult  to  remove,  but  j>resent«  a  very  untidy  ap|M?ar- 
ance  and  interferes  materially  with  the  manipulations. 
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A5  soon  as  the  tuU^  liavo  Uvii  tilUnl  thov  art*  to  In* 
sterilizeil  in  the  stiriim  sterilixor  tor  tit\<vu  uuiiut«'s  on 
eaeh  of  thn»e  suiwssive  days,  Purine  tlie  luienoniujj 
days  they  may  Ik*  kept  at  the  oixHiwn  iXH»ni-tenqH^ni- 
tupe. 

When  sterilization  is  ixtmplete  and  the  nunliinn  in 
the  tnbes  is  still  liqnid,  some  of  them  may  Ih'  pkuHnl  in 
a  8lanting  ])osition,  at  an  angle  of  alntut  ten  degi'ees 
with  the  surfaee  on  whieh  thev  rest,  and  tlie  nunliuni 
allowed  to  solidify  in  this  jx^sition.  Tliese  an*  for  th«» 
so-called  slant-cultures.  The  remainder  mav  solidilv  in 
the  erect  ]>osition  ;  these  s4Tve  for  making  plates. 

For  Esmareh  tubes  not  mon»  than  5  e.e.  of  matt^rial 
should  be  placeil  in  eaeh  tube,  as  more  tlian  this  n*iiderH 
it  difficult  to  distribute  the  gt»latin  evenly  over  the  inner 
sur&ce  of  the  tubes  when  they  are  rolled. 
9 


CHAPTER  VII. 

Technique  of  making  plales— EBniarch  tabts,  Pelri  plates,  eta. 

Plates. — Tlie  pinte  method  can  be  employed  with 
liotli  agur-ag;ir  and  gelatin.  It  uiniiut  be  practised  with 
blood-serum,  because  tlie  Hcriim  when  iincp  solidified 
cnnnot  be  again  liquefied. 

Plates  are  usually  roferR-d  to  as  "a  set."  This 
term  implies  three  individual  plates,  each  representing 
a  mixture  of  organisms  in  a  higher  state  of  dilution. 
The  first  plate  is  known  usually  as  "  the  original,"  or 
"plate  No,  1,"  the  first  dihition  from  this  as  "plate 
No.  2,"  and  the  second  as  "  plate  No.  .3." 

In  the  prt'iiaration  of  a  set  of  plates  the  following 
are  the  sU'pa  t«i  be  observed  : 

Three  tubes,  eneb  containing  fmui  7  to  9  e.e.  of  gela- 
tin or  agar-agar,  are  jilaced  in  u  *varm  wat«r-batli 
until  the  metlium  has  become  liqnid.  If  agar-agar  is 
employeil,  this  is  aeeomplished  at  the  boiiing-point  of 
wat<tr ;  if  gelatin  is  used,  a  much  lower  temperature 
sufBces  (35°— 40"  C),  When  liquefaction  is  complete 
the  tcmiH^ratnre  of  the  water,  in  the  case  of  agar-agar, 
must  l)e  rednwd  t«  4I°— 42°  C,  at  which  temiHirature 
the  agar-agar  remains  liquid,  and  the  oi^nisms  may 
he  introduced  into  it  without  fear  of  destroying  their 
vitality.  The  medium  being  now  liquid  and  of  the 
proper  tcmi»erature,  a  very  small  portion  of  the  mixture 
of  or^nisnis  t^i  be  studied  is  taken  up  with  a  sterilized 
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platinum  wire  (Fig.  23,  a)  about  5  cm.  long,  twisted 
into  a  small  loop  at  one  end  and  fused  into  a  bit 
of  glass  rod,  which  serves  as  a  handle,  at  the  other 
extremity.  This  loop  is  one  of  the  most  useful  of  bac- 
teriological instruments,  as  there  is  hardly  a  manipula- 
tion into  which  it  does  not  enter.  Under  no  circum- 
stances is  it  to  be  employed  without  having  been 
passed  through  a  gas-flame  until  quite  hot,  for  the 
purpose  of  sterilization.      One   should   form   a   habit 


FlO.  23. 
a 


Looped  and  straight  platinum  wires  in  glass  handles. 


of  never  taking  up  one  of  these  platinum-wire  needles, 
as  they  are  called,  for  they  are  curved  and  .straight  (Fig. 
23,  b)  as  well  as  looped,  without  pai?.siug  it  through 
a  flame ;  and  the  sooner  the  beginner  learns  to  do  this 
as  a  reflex  action,  the  sooner  does  he  eliminate  one 
of  the  possible  sources  of  error  in  his  work.  It  must 
be  remembered,  though,  that  it  should  not  be  used  when 
hot,  otherwise  the  organisms  taken  upon  it  will  l)e  killed 
by  the  high  temperature;  after  sterilization  in  the  flame 
one  waits  for  a  few  seeonds  niitil  it  is  cool  before  using. 
A  minute  portion  of  \\w  iiiatcrial  under  consideration 
is  transferred  with  tlic  slrrili/cd  loo|>  into  tube  No.  1, 
"the  original,"  wlirrr  il  is  tlioroniihly  disintegrated  by 
gently  rubbing  il  MjMiin-^l  lln*  sides  of  tlie  tube.  The 
more  carefully  tliiM  is  done  llie  more  uniibrni  will  be 
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the  distribution  of  the  organisms  and  the  better  the 
results.  The  loop  is  then  again  sterilized  and  three 
of  ita  loopfub  are  passed,  wUhoxd  fouching  the  miee  of 
tlie  tube,  from  "  tlie  original "  into  tube  Nd.  2,  where 
they  are  carefully  mixed.  Agiiin  the  loop  is  sterilized, 
and  again  three  dips  are  made  from  tube  No.  2  into 
tulw  No.  3.  This  cmnpletes  the  dilution.  The  loop  is 
now  sterilized  before  laying  it  aside. 


LevslliuS'tcl|>od  tvl 


During  this  manipulation,  which  must  be  done 
quickly  if  ag-ar-agar  be  cmitloyed,  the  temperature  of 
the  water  in  the  bath  in  which  the  tubes  stand  should 
never  be  lower  than  39°  C,  and  never  higher  than 
43°  C.  If  it  falls  below  38°  C,  the  agar-agar  solid- 
ifies, and  can  only  be  redissolved  at  a  temperature 
that  would  be  destrnctive  to  the  organisms  which  may 
ha%'e  been  introduced  into  the  tubes.  This  is  not  of 
so  niiieh  moment  with  gelatin,  since  it  niuy  readily  be 
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reditiBolved  at  a  tcmpenitiire  not  dftriiiiontal  to  tlic 
oiganisms  with  wbich  the  tiiln-s  may  liuvc  l>cuti  inocu- 
lated. 

The  Cooung-staoe  a>-i>  LKVKi.List;-THiit>D. — 
While  the  medium  of  which  the  |)latos  arc  to  bo  made 
is  melting  it  is  well  to  arrange;  tlic  cooling-i*tagc  (Fig. 
24)  upon  which  the  getutiii  or  agar-agiii-  is  to  Ik-  suIjso- 
quently  eolidified. 

This  stage  consists  of  a  glass  dish  tilled  with  ico- 
Trat^  and  covered  with  a  gruiinil-glass  j>lat<',  ^^Iiich  in 
turn  has  a  domo-shujK'd  cover.  Tlie  disli  rcijts  iijion  a 
tripod  which  can  he  brought  to  an  exact  level,  as  indi- 
cated by  the  spirit-level,  hy  raising  or  lowering  its  logs 
by  means  of  tlmmb-screws,  with  wliicb  they  are  pro- 
vided. Three  stages  are  usually  ein]il<iyeil.  "When 
ready  for  use  they  should  l)f  exactly  level. 

The  Giass  Plates. — Ou  each  of  the  sluges  is  to  Ix' 
placed  a  glass  plate  uixm  which  the  liijiu'lied  gelatin  or 


n  tor  holJlnK  pink-" 


agar-agar  is  to  be  poured  and  allowed  t<i  stilidify.  It 
is,  therefore,  necessary  that  tlie  plates  should  not  only 
be  sterile  when  placed  upon  tlii^  stages,  but  tlmt  during 
manipulation  they  should  be  carefully  pnitectcd  by  a 
cover  against  dust  anil  Iweteria  fiYiui  without. 
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A  number  of  plak-s  at  a  time  are  usually  stcrilizwl  in 
the  dry  sterilizer  at  a  temperature  of  150°  to  180°  C 
for  one  hour.  During  sterilization  and  until  used 
they  are  retained  in  an  iron  bos  (Fig.  25),  which  is 
especially  dcsiguwl  for  the  purpose.  They  fihoiild  never 
be  placed  u[Htii  the  stage  until  cold ;  otherwise  they 
crack. 

When  the  plates  winch  have  been  placed  upon  the 
stages  are  quite  cold  the  melted  gelatin  or  agar-agar  in 
the  tubes  which  represent  the  three  dilutions  slumld  be 
poured  upon  tlicm,  each  tube  being  emptied  ujMn  a 
separate  plate.  If  the  medium  is  quite  fluid,  it  spreads 
over  the  surface  of  the  plates  in  a  thin,  even  layer. 
Sometimes  it  may  be  more  evenly  spread  as  it  flows 
from  the  tube  by  the  aid  of  a  sterilized  glass  rod. 


i 


Clua  ticiicbc*  [Or  aupponlag  pli 


As  the  content  of  each  tube  is  emptied  the  rover  of 
tlie  cooling-stage  is  quickly  replacetl  and  the  plate  al- 
lowed to  stand  until  the  gelatin  or  agar-agar  is  quite 
solid.  This  takes  longer  with  gelatin  than  with  agar. 
When  the  medium  is  quite  solid  these  plates  are  placed 
upon  glass  benches  (Fig.  26),  each  labelled  with  the  num- 
ber iif  the  plate  in  the  series  of  ililutions.  The  iH'nches, 
with  the  plates  upon  them,  are  then  piled  one  above  the 
other  in  a  "  eultu re-dish,"  in  which  the  plates  arc  to  be 
kept  during  the  growth  of  the  bacteria.      The  boncbea 
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are  sterilized  befon*  using,  in  the  s:inio  niannor  as 
plates. 

Cl'LTl'RK-Disii. — This  dish,  uhirh  is  about  '2*2  rm. 
in  diametcT  anil  has  vrrtiral  si(l(\^  about  (S  vm,  in  hri;;:lit, 
is  provided  with  a  iH>viT  of  i^xartlv  thr  sinir  shapf, 
but  of  a  little  hirger  dianiotiT.  Tliis  rovrr,  wht'U 
plaeed  U|K)n  the  dish  iHUitaining  thi'  plattvs  pivvrnts 
the  access  of  dust.  Prior  to  using,  thr  dish  and  rovrr 
should  have  beini  disintoctcd  for  (»nr-halt*  hour  >\ith 
1 :1000  sublimate, and  all  the  solution  allowiHl  to  drain 
from  them. 

A  disk  of  sterilizetl  filter-|>ii|>er  nioistrn(»d  witli  sttT- 
ilized  Avater  is  sometimes  placrd  in  tlit'  bottom  of  the 
culture-dish  to  prt»veut  drying  of  the  mediunu  This 
is  not  often  neeessan',  however,  as  tin*  plates  eau 
usually  be  dis{Kuised  with  before  eva|H>nition  lias  pn)- 
gressed  very  far. 

If  agar-agar  be  employed,  the  dish  ami  its  contents 
maybe  kept  at  a  tempeniture  of  ;>7''-.*»S  '  i\  ;  it'  gel- 
atin, the  temperature  at  whieh  the  plates  are  to  be 
maintained  should  not  be  over  22"  (\,  otiierwise  the 
gelatin  liquefies  and  the  plates  are  rendered   useless. 

When  development  has  occurred  the  object  of  \ho 
dilution  will  be  easily  seen,  and  tin*  various  species  of 
bacteria  in  the  mixture  will  be  recoiruizcd  bv  diHerenccs 
in  the  character  ot*  the  colonies  growing  from  them. 

This,  in  short,  is  the  plate  method  of*  Koch  ibr  th(^ 
separation  of  the  individual  species  cnntnined  in  a 
mixture  of  bacteria.     Many  modificaticms  nl'this  method 

» 

exist;  all,  however,  are  based  u})()n  the  same  prin- 
ciples. The  modifications  have  for  their  ohjcct  the 
accomplishment  of  the  same  end,  but  with  a  smaller 
armamentarium  of  apparatus  ;  ac<'ording  to  imlividual 
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preference,  the  one  or  the  otlier  of  tlicsc  modifications 
has  supplanted  the  original  plute  method  as  practised 
and  recommended  by  Koch. 

Petri's  Modification  of  the  Plate  Method. — 
The  nioditication  wliioli  approaches  nearest  to  the  orig- 
inal method,  and  at  the  same  time  lesscQB  very  mntc- 
rially  the  number  of  steps  in  the  prtxicss,  is  that  sug- 
gfBtt^  by  Petri.  It  consists  in  sub.stitutin^  for  tlie 
plates  small,  round,  double  glass  dtrthcs,  having  al>out 
the  same  surface-area  as  the  plates  (Fig.  27).  The 
liquid  medium  is  poured  directly  into  these  little  dishes 
and  their  covers  replaced  ;  they  are  then  set  aside  for  ob- 
servation. In  all  other  rc.-ipects  the  process  is  tlic-  same 
as  Koch's  original  method.     Petri's  dishes  arc  about  8 


Petri  double  dish, 


cm.  in  diameter  and  about  1.5  to  2  cm.  in  height,  the 
sides  being  vertical.  They  may  readily  bo  sterilized 
by  either  hotr-air  or  steam.  They  are  very  usitful  for  this 
work,  as  they  do  away  with  the  necessity  for  the  cool- 
ing-stage and  levelling-trijiod,  though  in  warm  weather 
the  eouling-stage  may  be  used  to  hasten  the  solidifica- 
tion of  gelatin.  A  cooling-stage  of  very  convenient 
design  for  use  with  these  dishes  consists  of  a  closed,  flat 
metal  Ikix,  either  of  copper  or  block  tin,  and  round 
or  square  in  shape,  so  arranged  that  it  c«n  be  filled 
with  cold  water,  or  that  cold  water  can  constantly  be 
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paaeed  through  it  by  aw&aa  uf  u  nililK^r  titiM-  ctKincH'lul 
with  a  spigot  The  inlet  for  Uxr  water  HiioiiUI  1m- just 
above  the  bottom  of  thu  Imix,  ami  \\\v  uiitU-t  ywi  Ih-ikiiIIi 
the  top  aiiJ  slightly  tunuHl  iipwiml  iiml  tlit'ii  ilowiiwiinl, 
BO  as  to  indure  filling  the  »pii<H;  with  whIit.  TIh-  Imx 
should  be  aufficiently  atn>iig  to  rcHint  the  im-Ksim'  "f 
the  water.  A  convciiivnt  aizu  ih  from  20  to  ^ft  i-in. 
in  diameter,  and  almiit  \Si  to  2  vni.  high.  It  irt  siiiijih' 
in  construction,  and  «in  lie  miide  by  any  iKtpjK'i'-HiHUnop. 
An  idea  of  its  ounstniction  i»  givoii  in   l''ig>  2K. 


Mctul  OHilinR-HtsKe. 


When  gelatin  or  ngsir-dgar  is  to  be  ciiolci!  it  is  unly 
necesaary  to  place  the  dislies  containing;  ji  on  top  of  this 
box  and  ki>o[>  void  water  circiiluting  through  it. 

EsMABC'ir  TiJBtw. — The  niodificatiim  nf  KtH-li's 
method  which  insnros  the  gn'sitcst  security  from  eon- 
taminatiim  by  extraneous  orgimisms  and  rciniires  tlic 
Iea«t  amount  of  a]i]inr;itiis  is  that  j^uggi'stcd  hy  v. 
Esmarch.  It  tlifTers  fnmi  the  other  nietlnMls  thus :  Ihc 
dilutions  having  been  jiri'imn-d  in  ttihes  eontainin^  a 
smaller  amunnt  of  nxsliitni  than  usual — as  a  rule,  not 
more  than  .')  to  (!  e.c — arc.  insteai!  of  being  [loiintl  ujhhi 
plates  or  into  dislus,  sprt-ad  over  the  inner  surface  of 
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(jviiig  the  ^^^1 
iibcs  tlicn    ^^^ 


the  tubes  contaiuing  them,  and,  withuut 
cotton  plugs,  solidified  in  this  position.  The  tubes 
present  a  thin  cylindrical  lining  of  gelutiu  or  agar-agar, 
upon  which  the  colonies  develop.  In  all  other  respects 
the  couditiuns  for  the  growth  of  the  urgauisms  are  the 
same  ob  in  flat  plates. 

Esmarcb  direeta  that  after  completion  of  the  dilu- 
tions the  t^jps  of  the  cotton  plugs  in  the  teat-tubes 
should  be  cut  ofi'  fluah  with  the  mouths  uf  the  tubes  and 
sterilbied  rubber  caps  be  placed  over  them.  They  are 
tlicu  to  be  held  in  a  horizontal  position  and  twisted 
between  tlie  fingers  upcin  their  long  axis  under  ice- 
water.  The  gelatin  becomes  solidified  thereby  and 
adheres  to  ttie  sides  of  the  tube.  When  the  gt^Iatin  is 
quite  hard  the  tubes  are  removed  fmm  the  water,  wiped 
dry,  the  rubber  caps  removed,  and  the  tubes  set  aside 
for  observation. 

For  some  time  past  we  liave  deviated  from  the  direc- 
tion given  by  V.  Elsmarch  for  this  part  of  his  method, 
and  instead  of  roiling  the  tubes  under  ice-water,  we  mil 
them  upon  a  block  of  iee  (Fig.  29),  after  the  method 
devised  by  Booker  in  1887  in  the  Pathological  Laboni- 
toiy  of  the  Johns  Hopkins  University.  In  this  metluHl 
a  small  block  of  ice  only  la  needed.  It  is  lovcllwl 
and  held  in  position  by  lieing  placed  u[K>n  a  towel  in 
a  dish.  A  horizontal  groove  is  melted  in  the  upper 
surface  of  the  ice  with  a  test-tube  of  hot  water.  The 
tubes  to  be  rolled  are  then  held  in  an  almost — Jtoi  i{uUt 
— horizontal  position  and  twisted  between  the  fingers 
until  the  sides  are  moistened  by  the  contents  fo  within 
al>nut  1  em.  of  the  cotton  plug,  can-  Iwing  taken  that 
the  gelatin  doen  not  tnueh  the  cotton  ;  otherwise  the  hitler 
becomes  adherent  to  the  sides  of  the  tube  and  is  difficult 
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to  remove.  The  tube  is  thi^ii  [itu<^  in  the  groove  ia  j 
the  ice  and  rolled,  neither  ruLtter  cap  nor  cutting  off  of  f 
the  cuttou  pliig  being  necesaary. 


T!ie  advantages  of  this  proeesB  over  that  followed  by 

V.  Eemarch  an?  that  it  requires  less  time,  is  oleauer, 

no  nibber  cajw  are  neetled,  the  rolled  tubes  are  more 

iiniform,and  the  gelatin  does  not  ti)ueh  the  nittou  plug, 

88  is  always  the  case  in  tubes  rolled  under  wati-r,  be- 

canee  of  the  inipo^iliility  of  keeping  them  at  one  level. 

There  is  an  erroneous  impreasiun  that  Eauiarch  tulJOH 

are  not  a  success  when  made  from  ordinary  nutrient 

agar^gar  because  of  the  tendency  of  this  medium  to 

shrink  and  slip  to  the  bottom  of  the  tube,     This  slip- 

iring  down  of  the  agar-agar  is  due  to  the  water,  which  b 

BqueeKe<l  from  it  during  solidilicutiim,  getting  between 

the  medium  and  the  walls  of  the  tul>e.     This  tan  easily 

I  be  overcome  by  allowing  the  rolled  luiies   to    remain 

I  *is  R  nearly  horizontal  position  for  twenty-four    hours 

1  *flep  rolling  them,  the  mouth  of  the  tube  Iwing  about 
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\  cm.  higlifr  tiiau  the  Ixjttyiii.  During  tliia  time  tlie 
nmrgin  of  the  agar-^ar  nearest  the  cotton  plug  dries 
mid  becomes  adherent  to  the  walls  ol"  the  tube,  wliile 
the  water  eollects  at  the  most  dejirndcnt  pohit — i.  r.,  the 
bottom  of  the  tubt's.  After  this  thi>y  may  !»  retained 
in  the  npright  pohilion  without  (lunger  of  the  agar- 
agar  slipping  down.  In  all  these  manipidatinna, 
if  the  dilutions  of  the  number  of  orgimioms  have  been 
properly  conducted,  the  results  will  be  the  same.  The 
original  plate  or  tube,  as  a  rule,  will  be  of  no  use  be- 
cause of  the  great  number  of  eolonies  in  it ;  plate  or 
tube  No.  2  may  be  of  service ;  but  plate  or  tube  No.  3 
will  usually  contain  the  organisms  in  such  small  num- 
bers that  there  will  he  nothing  to  prevent  the  charac- 
teristic development  of  the  colonies  originating  from 
tbem. 

For  reasons  of  economy  the  "  origiual,"  tube  No.  I ,  is 
sometimes  substitute<l  by  a  tube  containing  normal  salt^ 
solution  (0.6  to  0.7  per  cent,  of  sodium  chloride  in 
water),  which  is  thrown  aside  as  soon  a^  the  dilutions 
are  completed,  and  only  plates  or  tubes  Noh.  2  and  3 
arc  made. 

Another  methtxl  for  the  separation  of  Imctcria  and 
their  isolation  ns  single  colonies  consistx  in  the  malting 
of  dilutions  uiHin  the  surface  of  solid  media,  such  as 
potato,  coagidate<l  bloo<l-8entm,  agar-agar,  and  gelatin. 
In  pursuance  of  this  method  one  selects  a  number  of 
tubes  containing  the  medium  set  in  a  slanting  position. 
With  a  platinum  needle  a  liit  of  the  substance  to  be 
studied  is  smeared  upon  tul>e  No.  1  ;  without  sterilizing 
the  needle  it  is  passe<l  in  succession  over  the  surface 
of  the  medium  in  tubes  Nos.  2,  3,  4,  etc.  When  dt- 
Vtilopmeut  has  occurred  es.wntially  the  same  conditions 
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separation  of  thorolonirs  will  Ih«  toiinil  an 
when  plates  are  |x>iireil.     If  n  slanted  iiKMliiiin  Imm'IU- 
ployed,  about  the  most  do^KMuiont  nii^lc  of  wliioli  wotor 
of  condeosation  ha^  actMiniulatiHl,  as  ItlfHMl-st'rmn.  a^ar- 
agar,  and  {lotato,  the  dilutions  may  l)«*  inailc  in  tins 
fluid,  and  this  is  then  to  Im*  ran^fnlly  sni(*anM|  ovor  th«» 
solid  surfiux  of  tlio  nu^lium.     Tin*  tnltrs  (Inis  h^iMitod 
should  be  kept  in  an  upri^lit   {position  io  pn^vi^nt   I  lie 
fluid  flowing  over  the  snrfarc     Wlirn  snlliiMtMilly  il«' 
Tel<^ied,  single  eolonios  may  Im'  isolatiMl  >vitli  (^itnipani 
live  ease  from  tuln^  pn^i^smMl  in  this  mannrr.    (Sim*  aUn 
method  for  the  isolation  of  harilliiH  iliphthrrhr  on  IiIihhI 
serum.) 


CHAPTER    VIII. 


The  incubatiug-oven— (Jas-jireaaurc  i 
safety  burner  ompluypd  it 

The  Incubator. — When  the  platers  have  been  made  I 
it  mu»t  be  borne  in  iiiiuil  that  fur  tlie  ilevdiipment  uf  ' 
(lertain  forms  of  bautem  a  higher  tcmi«:raturc  i 
eary  than  for  the  growth  of  others.  The  path<^nio 
or  iliseaBC-producing  orgniiismn  grow  more  luxuriantly 
at  the  t«niporatiire  of  tlie  human  body  (37.5°  C.)  than 
at  lower  temperatures;  wheivas  for  the  ordinary  sap- 
rophytic forms  almost  any  temjierature  between  18° 
anil  37°  C  is  suitable.  It  therefore  Iweomes  necea- 
»aiy  to  provide  a  place  in  which  a  constant  tem- 
jR-ralnre  favorable  to  the  growth  of  the  pathogenic 
organisms  can  be  maintained.  Fur  this  purpose  a  num- 
ber of  different  forms  of  apparatus  have  been  devised. 
They  are  all  based  upon  the  same  principles,  however, 
and  a  general  description  of  the  essential  point*  involved 
in  tlicir  construction  will  be  all  that  is  needed  here. 

The  apparatus  known  as  thermostat,  incuViator,  or 
brooding-oven,  is  a  copper  chamber  (Fig.  30)  with 
double  walls,  the  space  between  which  is  filled  with 
water.  The  incubating-chamber  has  a  closely  fitting 
double  door,  inside  of  which  is  usually  a  door  of  glass 
through  which  the  cAnfents  of  the  chamber  may  l>e  in- 
spected without  actually  opening  it.  The  whole  appa- 
ratus is  encased  in  either  asbestos-boards  or  thick  felt^ 
142 
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to  prevent  radiation  of  heat  and  cionsequent  fluctimtinns 
in  tenipratnre.     In  the  top  of  the  ehaniht>r  is  ii  Hninll 
opening  ihnmgh  wliicli  a  thermometer  projects  into  itA 
int«riiir.     At  either  corner,  leading  int^f  the  spiee  oor 
taining  the  water,  an.'  other  opcningH  for  the  n>eeption 


in  baclvrinloEfcal  work. 


of  another  thermometer  and  a  thermo-regidator,  and  for 

tvfilling  tlic  apparatus  a,s  the  water  evaporates.    On  thi 

L  .aide  JB  a  wat«r^uge  lor  showing  the  level  of  the  water 
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between  the  walla.  The  object  of  the  water-ehsimber, 
which  is  furnic<!  by  the  double-wall  arraDgement,  is  to 
iDsure,  by  means  of  the  warmed  water,  au  wjuable  tem- 
perature in  all  piirts  of  the  apparatus — at  the  top  as  well 
as  at  the  sides,  bat^k,  and  bottom ;  the  apparatus  should 
be  kept  tilled  with  water,  otherwise  the  purpose  for 
which  it  is  constructed  will  nut  be  accomplished.  When 
the  chamber  between  the  walln  is  filled  with  wat«r  heat 
is  supplied  by  a  gas-flame  placed  lieneath  it. 


I 


I 


Soch'a  tatetj  burner. 

The  burner  employed  in  heating  the  incubator  was 
originally  devised  by  Koch,  and  is  known  as  "Koch's 
safety  burner"  (Fig.  31).  It  is  a  Bunsen  burner  pro- 
vided witli  an  arrangement  for  automatically  turning 
off  the  gas-supply  and  thus  proveuting  accideuttt  should 
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the  flame  become  extin^iiishoil  at  u  time  wlien  no  one 
is  near.  Tlie  gas-t'ock  by  whieh  the  ^as  is  turmnl  on 
and  oiF  is  providinl  with  a  long  arm  whieh  is  wrighttnK 
and  which,  wlien  the  gas  is  turninl  on  and  Imrnimf,  n'>ts 
npon  an  arm  attaehetl  to  the  side  of  a  revolving,  hori- 
zontal disk  that  is  eonnectinl  with  the  fi*ee  ends  of*  t»o 
metal  spinds  wliieh  are  fixinl  by  their  other  entls  in  o\\\h^ 

site  direi*tions  cm  eitlier  side  of  the  flame  and  ht^atrd  bv 

• 

it.  If  by  dnuights  or  any  other  ae(*i(h*nt  the  Hanu*  lu^ 
comes  cxtingnislunl,  the  metal  spinds  e(K>l,  and  in  nnd- 
ing  contract,  twist  the  horiz<mtal  disk  in  the  (»p|Hksite 
dirt^ction,  and  aUow  the  weighte<l  arm  of  the  gjis-etH»k 
tt)  fall.     By  its  falling  the  gas-snj>ply  is  turned  oil*. 

THERMo-RWjri.ATons. — The  regulation  and  main- 
tenance of  the  proper  temperature  within  the  ineubator 
are  aecom|)lislied  by  the  employment  of  an  automatie 
thermo-regnlator. 

The  common  form  of  therm  o-regu  la  tor  used  for  this 
purpose  is  eonstructiHl  U[>on  prineij)l<'s  involving  the 
expansion  and  contraction  of  flui«ls  under  tlu*  inthuMieo 
of  heat  and  cold.  By  means  of  this  ex|>aiisiou  ami  con- 
traction the  amount  of  gjis  pissing  from  the  snur(H»  ol* 
supply  to  the  burner  may  be  either  diminished  or  in- 
creased as  the  t<'mp<»rature  of  the  substance  in  which 
the  regulator  is  phuH'il  either  rises  or  falls. 

The  simplest  form  of  thermo-n'gulator  which  serves 
to  illustrate  the  priiicij>les  involved  is  seen  in  Fig.  .*5'2. 
It  wmsists  of  a  glass  cylinder,  r,  having  a  communi- 
cating branch  tube  h,  and  ni])ber  stopper  /',  through 
whieh  j>rojects  the  bent  tube  (f.  The  tube  a  is  ground 
to  a  slanting  point  at  the  extremity  which  projects  into 
the  tube  r,  and  is  provide<l  a  short  distaui'c  above  this 
l)oint  with  a  capillarv  openin*^,  »/,  in  one  ol'  its  sides. 

10 
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Wlien  rtady  fur  use  the  cylinder  e  is  lilk'd  \vitli  nieP-' 
cury  up  to  about  tiie  level  shown  in  the  figure.  It  is 
then  allowed  to  stand,  or  is  suspended,  in  the  bath  the 
temperature  i>f  which  it  is  to  regiilaf*.  The  nibl>er 
tiihinfT  eoniMifr  frfiiii  the  garf-siipply  is  attached  to-  the 


i 


MereurUI  tliirniio-rBguliitur. 

Dnt«F  end  of  the  gUiss  tnlw  «,  and  the  tul)o  going  to  the 
bnriier  is  slipped  over  the  bmneh  tube  b.  The  gas  is 
turned  on  and  the  burner  lighted  and  pl:iee<l  under  the 
bath.  The  gas  now  streams  through  tlic  tulM-  «  into  the 
cylinder  f  aiid  out  at  b  to  the  burner ;  but  as  the  tern- 


THERMO-REG  ULA  TOR&  1 47 

perature  of  tlie  bath  rison  the  mercury  contained  in 
the  cylinder  e,  ihkUt  the  influenc^e  of  the  (»K'vation  of 
temperature,  begins  to  expand,  and,  as  a  continuous  rise 
in  temperature  pnK'tHnls,  the  expsmsion  of  the  mercury 
accomjianies  it  and  gnidually  closc*s  the  slanting  ojK'ning 
h  of  tube  a.  In  this  way  the  supply  of  gas  lKHH)mes 
diminished  and  the  rise  in  tenipi^rature  of  the  bath  will 
be  less  rapid,  until  finally  the  o{)ening  at  h  will  be  elostnl 
entirely,  when  the  supply  of  gas  to  the  burner  will  now 
be  limited  to  that  psissing  through  the  capillary  ojwn- 
inggr.  This  is  not  sufficient  to  maintain  the  highest 
temperature  n^ached,  and  as  c(K>ling  begins  a  gradual 
contraction  of  the  mercury  occurs  until  there  is  again 
an  outflow  of  gas  from  the  opening  A,  when  the  ti»m- 
perature  again  rises.  This  contraction  and  exjMinsion  of 
the  mercury  in  the  regulator  continues  until  eventually 
a  point  is  reached  at  which  its  position  in  the  cylinder 
e  allows  of  the  passage  of  just  enough  g*as  from  tlu^ 
opening  h  to  maintain  a  constant  tenijKTature  and, 
therefore,  a  constant  degree  of  ex|)ansioii  of  the  mercury 
in  the  tube  e.  This,  in  short,  is  the  priiicij>le  on  which 
thermo-regulators  are  constructiKl ;  but  it  must  be  borne 
in  mind  that  a  great  deal  of  detail  exists  in  the  const ru<r- 
tion  of  an  accurate  instrument.  The  ninnber  of  differ- 
ent forms  of  this  apparatus  is  comparatively  large,  and 
each  form  has  its  si)ecial  merits. 

The  value — that  is,  the  delicacy — of  the  thermo-reg- 
ulator  deiK»nds  U|K)n  a  number  of  factors,  all  of  whi<h  it 
would  l)e  useless  to  descrribe  in  a  book  of  this  kin<l  ; 
but  in  general  it  may  be  said  that  the  essential  points  to 
be  observed  in  seleetinga  thernio-regulator^lepenil  in  the 
main  upon  the  temperatures  at  whirh  it  is  to  be  us<m1. 
For  low  teinpenitiires,  regulators  eontaining  such  fluids 
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as  ether,  alooliol.  aiid  eulcinni  dilorido  aulutioii,  whioh' 
cspand  and  coutract  rapidly  and  n-gidarty  iindoi'  slight 
variatiiins   in   teiujHTatiire,  are   ccimmouly   fiiiiikivcd 
whereas  for  temi»eratureB  approaching  tlic  boiling-pcjint 
of  water  mercury  is  most  frequently  ust'd. 

The  temperature  of  thu  ineiibat<ir  is  to  be  regula) 
then,  by  tlic  use  of  some  ^uch  form  of  ap])aratiis  as 
just  described.     It  sliould  be  of  sufficient  delicaey 
prevent  a  Huctnation  of  more  than  0.2°  C,  in  the  t«in-^ 
pt'rature  of  the  air  within  the  chamber  of  the  apparatns. 

Gah-i-rekskhk  Rbhulatoiib. — A   gae-pressiire  reg- 
ulator is  not  rarely  intervened  between  the  gUB-Kiipply 
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and  the  thermo-regidator.  This  apparatue  has  for  its 
object  the  maintenance  of  a  eonstant  pressure  of  the 
gas  going  to  the  tliermo-regulator.     There  arc  several 
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forms  of  regulator  in  use,  but  they  do  not  ac*coul|>Ii^«ll 
the  object  for  whieli  they  are  designed. 

The  instrument  most  commonly  eni|)h)yed,  tlie  aj>|w- 
ratus  of  Moitt»ssier  (Fig.  38),  is  bas(Kl  on  somewhat  th<» 
same  principles  as  tlie  large  regulators  seen  at  the  manu- 
factories of  illuminating-gjis.  Such  apimnitus  ael  verj' 
well  when  employed  on  the  large  scale,  as  one*  sees  them 
at  the  gas-works;  but  when  ap])lied  to  the  linn'ted  and 
sudden  fluctuations  seen  in  the  gjis  coming  fnmx  an 
ordinary  gas-cock  are  practically  usi^less.  They  are  t<M> 
gross  in  their  construction,  and  act  only  under  compar- 
atively great  and  gradual  fluctuations  in  pn*ssure.  If 
a  good  form  of  thermo-rc^gulator  be  emj)loyed,  then*  is 
no  necessity  for  the  use  of  any  of  the  pressure-regulators 
thus  far  introduced. 


CHAPTER  IX. 


liariticsamltbdrappe 
ates  ill  Ilio  stracture 
ia  — StalM:u  I  tu  rca— Sl]UlbT9 


The  jilates  of  agur-aji^r  wlii(;h  have  been  prepareil  ' 
from  ii  mixture  of  orguiiiemK  siml  have  Imwii  placed  in 
the  incubator,  and  those  of  gelatin  whieh  have  been 
rmtiutiiim'ti  at  the  ordinary  temjunitnre  of  tiio  room, 
are  usually  ready  for  examination  after  from  twenty-four 
to  forty-eight  hours.  They  will  be  found  marked  here 
and  there  by  Bmall  poiuts  or  little  islands  of  more  or 
less  opaque  appearance.  In  some  instances  these  will 
be  so  tnin»^parent  that  it  is  with  ciifRcnlty  one  can  we 
them  with  the  naked  eye.  Again,  they  may  be  of  a 
dense,  ojNUpie  apjMmranee ;  at  one  time  sharply  uircura- 
8erH«t<l  and  round,  again  irregular  in  their  outline  ;  here 
a  point  will  present  one  color,  there  {>erhaj)s  another. 
On  gi'lutin  some  of  tlie  points  will  be  seen  to  be  lying 
ou  the  .surfiu-e  of  the  me<1ium,  others  will  have  sunk 
into  little  depressions,  while  at  still  other  points  the 
cle«r  gelatin  will  lie  niarke<l  by  more  or  less  sancer- 
shape<l  pits  containing  o|Kique  Ihiiii. 

Plaec  the  plate  containing  these  points  upon  the 
stage  of  a  microscope  and  examine  them  with  a  low- 
power  objective,  and  again  differenees  will  be  observed. 
Some  of  tiiese  minute  points  will  be  finely  granular, 
others  coarsely  so  ;  some  will  jtresent  a  radiated  appear- 
ance, while  a  neighlwr  may  be  concentrically  arranged ; 
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here  nothing  parti(uiljirly  fharacteristic  will  prcseiit, 
there  the  point  may  njsolvo  itself  into  a  nia.ss  having 
somewhat  the  appearance  of  a  little  jM^lliele  of  raw  (Lit- 
ton. All  these  differences,  and  many  more,  aid  ns  in 
saying  that  these  objects  must  be  different  in  their 
uature.  With  a  {K>inte<I  platinum  needle  take  up  a 
bit  of  one  of  these*  small  islands,  prej)are  it  for  micro- 
scopic examination  (see  chapter  on  Stained  (over-slip 
Preparations),  and  examine  it  under  the  hi^h-jKiwer  oil- 
immersion  objei'tive,  with  arress  of  the  gnsitest  amount 
of  light  affonleil  by  the  illuminator  of  the  mieror^.-opi*. 
The  preiKiRition  will  be  M-en  to  b«-  made  up  entin-Iy  of 
bodies  of  the  sam«*  ^hajH* :  they  will  all  Ix*  spheres,  or 
ovals,  or  ro*!*,  but  not  a  mixture  of  tlies*-  form.",  if  prr^fKrr 
care  in  the  manipidation  ha.->  been  taken.  Kxamine  in 
the  same  way  a  n«-itrhlK»rin;5  ^juil  whieh  jjor-.r^-T-^-*  dif- 
ferent nak*-«lHye  :i\\\tt':irAWi'.  ?nid  it  \\»ll  often  U:  found 
to  cf>n>i--t  of  li«Mli<->  of  ;iii  «iirin:ly  ditlVreiil  apjMraranee 
from  thffrf'  -^ren  in  x\j  t:r-»  |-r  y.-.r.-*'  ■:.. 

Tli'-??^  -|:i«it->  'T  ;*!  '  i-  ••!!  *.:.•   --.r:".'       :  tI,'-  pl;jt*-  ?jr»- 
colonic--  of  J.:i'  •.  "!■:.     ':■  :":.j  -•  v.  r    !•..  :.'.•  .  -Iv  In  ff,«  > 


act*-rirti'--  ■  :  •  rj-  •  "--  -        .'--.;./  *f.' : 

Iffr-r.     :.      *•  -       !:'-■-•:.     -*     ■;-^''- 

ny^  ■  r  v-    ^.  •    -    •  .--■..*.--. 

It  ■  .  ■ 
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medium  in  wliii-li  they  are  gmwing.  When  deep  I 
down  ill  the  mediiiRi  they  are  usually  round,  oval,  otm 
lozenge-sliuped ;  whereas  when  on  the  eurface  of  tlie  1 
gelatin  or  agar  they  may  take  quite  a  different  turm.  1 
This  la  purely  a  mochauieal  effect  due  to  the  pressure  J 
of,  or  resistance  offered  by,  the  medium  sitrrouadingJ 
thoni,  and  is  always  to  be  borne  in  mind,  otherwise  | 
errors  are  apt  to  arise. 

Pure  Ciji-tuiiks, — If  from  one  of  these  small  col- 
onies u  bit  be  taken  upon  the  point  of  a  sterilized  plati- 
num neeiUe  and  introduced  into  a  tube  of  sterilized 
gelatin  ur  agar-agar,  the  growth  that  results  will  be 
what  is  known  as  a  "  pure  culture,"  the  condition  to 
which  all  organisms  must  be  brought  before  a  system- 
atic study  of  their  many  (Teculiarities  is  begun.  8ome- 
tiiuca  several  series  of  plates  are  necessary  before  the 
organisms  can  l»e  obtained  pure,  but  by  patiently  fol- 
lowing this  plan  the  results  will  ultimately  be  satis- 
factory. 

Test-tube  CvhrvRfS;  Stab-cultitrbs  ;  Smear- 
ctn.TiJRFM, — After  separating  the  oiganigms  the  one 
from  the  other  by  the  plate  metliod  just  dt.'scribcd,  they 
must  be  isolateil  from  the  plates  aw  pure  stab-  or  smear- 
cultures. 

This  is  done  in  the  following  way  :  decide  u]X)n  the 
colony  fntm  which  the  pure  culture  is  to  be  made, 
8elec-t  preferably  a  small  colony  and  one  us  widely  sep- 
arated from  other  colonies  as  possible,  St<?rilize  in  a 
gas-flame  a  straight  |ilatinum-wire  needle.  The  glass 
handle  nf  the  needle  should  be  drawn  tlirough  the  flame 
as  well  as  the  needle  Itself,  otherwise  contamination  from 
this  source  may  oeeur.  When  it  is  cool,  which  is  In  five 
or  ten  seconds,  take  up  carefully  a  portion  of  the  colony. 
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Guard  against  touching  (mifihing  but  the  colony.  If 
during  manipulation  the  nee<lle  touches  unytliimj  else 
whatever  than  the  cohmv  from  \vhi<'li  tlie  culture  is  to 
be  ma<le,  it  must  l)e  sterili/e<l  again.  This  holds  not 
only  for  tlie  time  hefon?  touching  thi?  colony,  but  also 
during  its  [lassage  into  tlie  test-tul)e  from  the  colony ; 
otherwise  there  is  no  guarantee  that  thc^  growth  result- 
ing fn)m  the  incM^ilation  of  tliis  bit  of  colony  into  a 
fresh  sterile  intKlium  will  be  pure. 

In  the  meantime  have  in  the  other  hand  a  test-tulx" 
of  sterile  nnKlium  :  gi*latin,  agar-agjir,  or  potato.  This 
tube  is  held  across  the  |Kilm  of  the  baud  in  an  almost 
horizontal  iH)sition  with  its  mouth  |>ointing  out  between 
the  thumb  and  index-iingcr  and  its  contents  toward  the 
body  of  the  worker.  With  the  dis<'ngaged  lingers  of  the 
other  hand  holding  the  needle  the  cotton  plug  is  removed 
from  the  tube  by  a  twisting  motion  and  phu'cd  between 
the  intlcx  and  s<»cond  fingers  of  the  hand  holding  the 
tube,  in  such  a  way  that  the  j)ortion  of  the  plug  which 
fits  into  the  mouth  of  the  test-tube  l<M>ks  toward  the 
dorsid  surface*  of  the  hand  and  <1o<h  not  touch  any  por- 
tion of  the  hand ;  this  is  accomplished  by  placing  only 
the  overhanf/Inf/  portion  of  the  plug  between  tlu*  fingers. 
The  needle  containinir  the  bit  of  (M)lonv  is  now  to  be 
thrust  into  the  me<lium  in  the  tube  if  a  stab-culture  is 
desiral,  or  rubbiMl  gently  over  its  surface  if  a  smear-  or 
stroke-culture  is  to  be  made.  The  iKM-dle  is  then  with- 
drawn, the  cott«>n  plug  replaced,  (nul  tin-  nfrtl/r  sfcri/izrfl 
before  it  is  laid  down.  Neither  the  nrrdle  nor  its 
handle  should  touch  the  inner  sides  of  the  test-tube  if  it 
can  be  avoided.  The  tube  is  then  labellc^l  an<l  set  aside 
for  observation.  Tlie  growth  which  appears  in  the  tube 
after  twentv-ibur  to  thirtv-six  hours  should  be  a  pure 
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the    (H)lony  waa  j 


Cultures  of  this  form  are  not  only  useful  as  a  means  j 
of  presfning  the  different  organisms  with  which  we  ' 
may  be  working,  but  ecrve  also  to  bring  ont  certain 


s  in  geladn,  shawlne  raodcB  of  proitlli  of  tlllTerenl 


fharaet^ri sties  of  different  orgauisuis  when  grown  iii 
this  way. 

If  gela^n  he  employed  and  the  or^nisni  which  ha^ 


TEST-TUBE,  STAB-  AM)  SMEAR-Cri/ITRKS,   LV) 

been  introduccil  into  it  ]K)s.se8S('s  the  ])<>wor  of  bringing 
about  liquefaction — /.  c,  of  digivsting  it — it  will  s<K>n  Ih» 
discovereil  that  the  mode  of  liijuefaction  differs  with 
dilTcrent  organisms  and  is  jinietieally  cx)nstant  for  the 
same  oiganism.  Some  bacteria  cause  a  Ii([uefaetion 
which  spreads  across  the  whole  uppiT  surfaei*  of  the 
gelatin  and  continues  gnidually  downward  ;  with  otheis 
it  occurs  in  a  funnel-shape,  the  broad  end  of  the  funnel 
being  upi>crmost  and  the  i)oint  downwanl,  e<)rn»sj>ond- 
ing  to  the  track  of  the  needle ;  at  times  a  str.i'king-  or 
sac-like  liquefaction  may  be  noticed.     (Sir  V\^.  1)4,) 

Note. — Obtain  a  numlnT  of  organisms  fnmi  ditVenMit 
sources  in  pure  cultun^  by  the  metln»d  given.  Plant 
them  its  pure  cultures,  all  at  the  sjune  (iuie,  in  gelatin — 
pn'fei'ably  gelatin  of  the  same  making — retain  them 
under  the  same  conditions  of  temjKTature,  and  sketch 
the  finer  ditlenjuces  in  the  way  in  which  litjuefaclion 
occurs. 

Sc»lect  from  your  collection  a  non-siM)re-i)eanng,  ar- 
tively  liquefying  spcvies.  Cultivate  it  as  a  pure  culture 
in  nutrient  lK)uill<m  for  three  days.  Then  heat  this 
Ixniillon  culture  to  (58°  C.  on  a  water-bath  lor  ten 
minutis.  In  the  meantime  prcjwre  several  tubes  con- 
taining each  al)out  10  e.c.  of: 

(iclatin 7       gnnnincs. 

Pluiuil 0.*25  >;rainino. 

Walter 100       c.v. 

luot  the  carlM)lized  gelatin  in  one  tube  riMuain  solid,  and 
bring  that  in  anotlnT  to  a  li<iui<l  state  by  gentle  heat.  On 
the  surface  of  the  gelatin  in  the  first  tube  plaeeO.5  <*.c.  t»f 
thelieate<l  (an<l  (-ooled)  enlhire,  and  mark  on  the  si<le  of 
the  tube  tlu;  |N)int  ofeontaet  between  the  fluid  ^Miltnreand 
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lliL'  sijHiI  gelaliii.     To  the  tube  ol'  liquefied  geliitin  add  i 
likewihe  0.6  c.c.  uf  the  Iieatod  eultiire,  mix  it  tliiimughly 
with   the  gelatin,  and    plaee  the  tube   contniaing  the 
mixture  in  cold  water  until   the  mass  becomes  solid. 
Si't  both  tubes  asidt;  at  a  temperature  not  above  20°  C._ 
Note  what  occurs  at  the  end  of  an  hour,  by  next  day,  I 
and  after  three  days.     Alter  the  exjHiriment  by  tiltering  I 
tite  three-day-old  bouillon  culture  through  a  porcelain  | 
or  a  Berkfeld  filler,  instead  of  lic'ating  it  as  directed  j 
iiliove.     Are  the  results  motlitied?     How  do  you  inter- 
pret these  results? 


CHAPTER  X. 

Methods  of  staining — Solutions  employed — Preparation  and  staining  of 
coyer-slips — Preparation  of  tissues  for  section-cutting — Staining  of 
tissues — Special  stain ing-methods. 

A  CX)MPLETE  list  of  solutions  and  methods  that  are 
recommended  for  the  staining  of  bacteria  is  not  essen- 
tial to  the  work  of  the  beginner,  so  that  only  those 
which  are  of  the  most  common  application  will  be  given 
in  this  book.  In  general,  it  suffices  to  siiy  that  bac- 
teria stain  best  with  watery  solutions  of  the  basic  ani- 
line dyes,  and  of  these,  fuchsin,  gentian-violet,  and 
methylene-blue  are  those  most  frequently  employed. 

In  practical  work  bacteria  are  either  dried  upon  cover- 
slips  and  then  stained,  or  stained  in  sections  of  tissues  in 
which  they  have  been  deposited  during  the  course  of 
disease.  In  both  processes  the  essential  point  to  be  borne 
in  mind  is  that  the  bacteria,  because  of  their  microscopic 
dimensions,  require  to  be  more  conspicuously  stained 
than  the  surrounding  materials  upon  the  cover-slips  or 
in  the  sections,  otherwise  their  recognition  is  a  matter  of 
the  greatest  difficulty,  if  not  of  impossibility.  For  this 
reason,  especially  in  section-staining,  it  frequently  be- 
comes necessary  to  decolorize  the  tissues  after  removing 
them  from  the  stain iug-solutions,  in  order  to  n^nder  the 
bacteria  more  prominent,  and  for  this  ])urpose  special 
methods,  which  provide  for  decolorization  of  the  tissues 
without  robbing  the  bact<Tia  of  their  color,  are  employed. 
The  ordinarj'  method  of  cover-slip  examination  of  bac- 
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teriii,  constantly  in  use  in  these  stiidiGS,  is  pfrfornifil  in 
tlie  following  way : 

Cover-blip  Preparations. — In  order  that  the  dis-  \ 
tribution  of  the  organisms  upon  tlie  cover-elips  may 
\w.  uniform  and  in  as  thin  a  layer  aa  possible  it  is  es- 
sential that  the  slijis  should  be  clean  and  free  from 
grease.  For  cleansing  the  slips  several  methods  may 
be  employed. 

The  simplest  plan  with  new  cover-slips  is  to  immerse 
them  for  a  few  honni  in  strong  nitric  acid,  after  wliich 
they  are  rinsctl  in  water,  then  in  alcohol,  then  ether, 
and,  finally,  tliey  may  be  kept  in  alcohol  to  which  a 
little  ammonia  has  been  added.  When  alwnt  to  l)c 
used  they  should  h&  wiped  dry  with  a  clean  cotton  or 
silk  handkerchief. 

If  the  slips  have  been  previonsly  used,  boiling  in 
strong  soap  solution,  followed  by  rinsing  in  clean  warm 
water,  and  then  treating  as  above,  renders  them  clean 
enough  for  oniinary  purposes. 

A  method  commonly  employed  is  to  remove  all  coarse 
a<liierent  matter  from  slips  and  slides  by  allowing  them 
to  remain  for  a  time  in  strong  nitric  or  sulphuric  acid. 
They  arc  removed  from  the  acid  ailer  several  days, 
rinsed  In  water,  and  treated  as  above.  Knaiier  siij^-sts 
the  iMjiling  of  soiled  oover-Hii])s  and  slides  for  from 
twenty  tt»  thirty  minutes  in  a  10  per  cent,  watery  solu- 
tion of  lystd,  after  which  they  are  to  be  rinsed  carefully 
in  water  until  all  trace  of  the  lysol  has  disapjiearcd. 
They  are  then  t*)  lie  wiped  dry  with  a  clean  liundker- 
chief. 

Iwoffler's  method,  which  provides  for  the  complete 
removal  of  all  grease,  is  to  warm  the  cover-slips  in  cim- 
centrated  sulphuric  aci<l  for  u  time  and  then  rin^^e  them 
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in  water,  after  which  they  are  kept  in  a  mixture  of 
equal  parts  of  alcohol  and  ammonia.  They  are  to  Ik? 
dried  on  a  cloth  from  which  all  fat  has  lx>en  extracted. 

Steps  in  making  the  preparations.  Place  upon  the 
centre  of  one  of  the  clean  dry  cover-slips  a  very 
small  drop  of  water  or  physiological  salt-s(^lution. 
With  a  platinum  needle,  which  has  been  sterilized  in 
a  gas-flame  jiist  before  rising  and  allowed  to  chm)!,  take 
up  a  very  small  portion  of  the  colony  to  be  exaniin<Hl 
and  mix  it  carefidly  with  the  drop  on  the  slip  until 
there  exists  a  very  thin  honiogcjueous  film  over  the 
larger  part  of  the  surface.  This  is  to  be  dried  upon 
the  slip  by  either  allowing  it  to  remain  u{K)n  the  table 
in  the  horizontal  position  under  a  cover,  to  protect  it 
from  dust,  or  by  hohling  it  between  (he  fingers  (not  wi(h 
forceps),  at  some  distance  above  a  gas-flame,  until  it 
is  quite  dry.  If  held  with  the  forceps  over  the  flame 
at  this  stage*,  too  much  heat  may  be  un(H)nsci<)usly  a])- 
plied,  and  the  morphology  of  the  organisms  in  the  prep- 
aration distorted.  When  held  l)etween  the  fingers 
with  the  thin  layer  of  i)acteria  away  from  fhrfiamr  no 
such  accident  is  likely  to  occur.  When  the  whole 
pellicle  is  comi)letely  drie<l  the  slip  is  to  be  taken  up 
with  forceps,  and,  holding  the  side  upon  whic^h  the  bac- 
teria are  deposited  away  from  the  direct  action  of  the 
flame,  it  is  to  be  passed  through  the  flaini*  three  times, 
a  little  more  than  one  second  bcMug  allowed  for  each 
transit.  -Unless  the  preliminary  drying  at  iho  low  tem- 
peniture  has  been  complete,  the  pn-paration  will  be 
rendered  worthless  by  the  sul)sc<jucnt  **  fixing"  at  the* 
higher  terapemture,  for  the  reason  that  the  protoi)lasm 
of  bacteria  when  moist  cojigulatcs  at  these*  temj)era- 
tures,  and  in  doing  so  the  normal  outline  of  the  cells  is 
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altorpil.  If  caR'fully  dried  before  iixuig,  tliis  dm'H  nut 
(K'nur  and  the  mitrphology  of  tlic  org;iiiism  remaius  un- 
ci langed. 

A  better  plan  for  tlie  pn>res8  of  fixing  is  to  employ 
a  copjwr  plate  about  35  cm.  long  by  10  cm.  wide  t)y 
0.3  cm.  thiek.  This  plate  is  laid  upon  an  iron  tripiKl 
and  a  small  gas-f)ame  is  placed  beneath  one  of  it^ 
extremities.  By  this  amuigprnpnt  one  can  get  a  gradu- 
ated temperature,  beginning  at  the  part  of  the  plate 
above  the  gaa-flarac  where  it  is  hottest,  and  becom- 
ing gradually  wioler  toward  the  other  end  of  the  plate, 
wliich  may  be  of  a  very  low  temperature.  Bydivpping 
water  upon  the  plate,  beginning  at  tlie  hottest  point  and 
proceeding  toward  the  cooler  end,  it  is  easy  to  determine 
the  point  at  which  the  water  just  boils;  it  is  at  a  little 
below  this  point  that  the  cover-slips  are  to  be  placed, 
bacteria  side  up,  and  allowed  to  remain  about  ten  min- 
utes, when  the  fixing  will  be  complete.  The  same  may 
be  accomplished  in  a  small  copper  drying-oven,  which 
is  regulated  tn  remain  at  a  temperature  of  from  95°  to 
93°  C.  In  very  particular  comitarative  studies  this  plan 
is  to  be  preferreil  to  the  proces-f  of  passing  the  cover- 
slips  througli  a  flame,  as  the  organisms  are  always  sub- 
jected to  the  sntne  degree  of  heat,  and  the  distortions 
which  sometimes  occur  from  too  great  and  irregular  ap- 
plication of  high  temperatures  may  be  eliminated.  The 
fixing  consists  in  drying  or  coagulating  the  gelatinous  en- 
velope surrounding  the  organisms,  by  which  means  they 
are  oaiised  to  adhere  to  the  surface  of  the  raivei^-slip.  It 
is  sometimes  desirable  to  fix  the  prejwirat ions  without  the 
use  of  heat,  as  in  the  case  of  |)us  or  other  exudates.  In 
this  event,  after  drying  the  thinly  spread  material  care- 
.  fully  in  the  air,  the  cover-slip  on  wliich  it  is  placed  is 


COVER-SLIP  PREPARATIONS,  161 

immersed  in  a  mixture  of  equal  parts  of  absolute  alco- 
hol and  ether  for  about  15  minutes.  At  the  end  of 
this  time  it  may  be  removed  and  stained.  The  advan- 
tage of  this  method  is  that  there  is  less  distortion  and, 
as  a  rule,  less  precipitation  (or,  perhaps  better,  no  char- 
ring) of  extraneous  matter.  When  fixed,  staining  is 
usually  a  simple  matter.  The  majority  of  bacteria  with 
which  the  beginner  will  have  to  deal  stain  readily  with 
watery  solutions  of  any  of  the  basic  aniline  dyes,  such, 
for  instance,  as  fuchsin,  methylene-blue,  or  gentian- 
violet. 

To  stain  the  fixed  cover-slip  preparation,  it  is  taken 
by  one  of  its  edges  between  forceps,  and  a  few  drops 
of  a  watery  solution  of  either  of  the  dyes  named  are 
placed  upon  the  film  and  allowed  to  remain  twenty 
to  thirty  seconds.  The  slip  is  then  carefully  rinsed 
in  water,  and  without  drying  is  placed  bacteria  down 
upon  a  slide ;  the  excess  of  water  is  taken  up  by 
covering  it  with  blotting-paper  and  gently  pressing 
upon  it,  after  which  the  preparation  is  ready  for  ex- 
amination. 

Another  plan  sometimes  used  is  to  bring  the  slip 
upon  the  slide,  bacteria  down,  without  rinsing  off  the 
staining-fluid  ;  the  excess  of  fluid  is  removed  with 
blotting-paper  and  the  preparation  is  ready  for  exam- 
ination with  the  microscope.  This  method  is  satis- 
factory and  time-saving,  but  must  always  be  prac- 
tised with  care.  The  staining-fluid  should  always  be 
filtered  before  using,  to  rid  it  of  insoluble  particles 
which  might  be  taken  for  bacteria.  If  \\\^o\\  exami- 
nation the  preparation  proves  of  particular  interest, 
so  that  it  is  desirable  to  preserve  it,  then   it  may  be 

mounted   permanently.      The   drop   of   immersion  oil 
11 
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ia  ti)  Im!  ffmovitl  from  the  surface  of  the  slip  with 
lilottitig-papcr,  anfl  the  slip  lociscneci,  or  rather  floated, 
from  the  slide  by  allowing  watt-r  to  flow  aroimii  its 
dlfp-a.  It  13  then  taken  up  with  forceps,  carefully  de- 
prived of  tiip  wat«rr  adhering  to  it  by  means  of  blotting- 
pajKT,  and  alliiwwi  to  dry.  When  dry  it  is  monnte<i  in 
xylol -Canada-t)alsain  l>y  plaeiog  a  small  drop  of  the 
balHani  upon  the  surfaee  of  tlie  film,  and  then  inverting 
til*  slip  uiwn  a  clean  glass  alide.  It  is  sometimes  de- 
eiralile  to  have  the  balsam  iianUii  quieUly,  and  a  metliod 
that  ia  commonly  employed  to  induce  tins  is  as  follows : 
the  slide,  held  by  fine  of  its  ends  betweeai  the  fingers,  is 
warmed  over  a  gas-flame  imtil  quite  hot ;  a  drop  of 
baL-tam  ia  then  placed  on  the  centre  of  it,  and  it  is  a^\n 
warmed ;  the  cover-slip  ia  then  placed  in  position,  and 
when  the  balaani  ia  evenly  distributed  tiie  temperature 
is  rapidly  reduced  by  rubbing  the  bottom  of  the  slide 
with  a  towel  wet  with  colil  water.  Usually  the  prepara- 
tion ta  firmly  fixed  after  this  treatment ;  a  little  practi<'e 
ia  necessary,  however,  in  onhT  not  to  overheat  and 
crack  the  slide.  Tlie  method  is  applicable  only  to 
cover-slip  preiMirations,  and  cannot  be  safely  used  witli 
tissues, 

Imprrssion  Cover-bi^ip  Preparations. — Impres- 
aion  preparations  differ  from  ordlnarj-  cover-slip  prep- 
arations in  only  one  respect :  they  present  an  impression 
of  the  organisms  as  they  were  arranged  in  the  colony 
fr.mi  wliicli  the  preparation  is  made.  They  are  made 
by  gently  covering  the  colony  with  a  thin,  clean  cover- 
slip,  lylif/y  pressing  u]>on  it,  and,  without  moving  the 
slip  laterally,  lifting  it  by  one  of  its  edges.  The  organ- 
isms adhere  to  the  slip  in  the  same  relation  to  one 
another  tliat  they  had  in  tlic  colony.     The  subsequent 
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8teps  of  drying,  fixing,  staining,  and  mounting  are  the 
same  as  those  just  given  for  ordinary  cover-slip  prep- 
arations. 

By  this  method  constancies  in  the  arrangement  and 
gn)uping  of  the  individuals  in  a  colony  can  often  be 
made  out.  Some  will  always  appear  irregularly  massed, 
others  show  growth  in  parallel  bundles,  while  others, 
again,  will  be  seen  as  long,  twisted  threads. 

Note. — From  a  colony  of  bacillus  aubtilis  make  a 
cover-slip  preparation  in  the  ordinary  way  ;  now  make 
an  impression  (;over-slip  preparation  of  another  colony 
of  the  same  organism.     Comjmre  the  results. 

Ordinary  Staining-solutions.  —  The  solutions 
commonly  employed  in  staining  cover-slip  preparations 
are,  as  has  been  stsit^,  watery  solutions  of  the  basic 
aniline  dyes — fuchsin,  gentian-violet,  and  methylene- 
blue.  These  solutions  may  be  made  either  by  directly 
dissolving  the  dyes  in  substance  in  water  until  the 
proper  degree  of  concentration  has  been  reached,  or  by 
using  concentrated  watery  or  alcoholic  solutions  of  the 
dyes  which  may  be  kept  on  hand  as  stock.  The  latter 
method  is  the  one  commonly  practised. 

The  solutions  of  the  colors  which  are  in  constant  use 
in  staining  are  prepared  as  follows : 

Prepare  as  stock,  saturated  alcoholic  or  watery  solu- 
tions of  fuchsin,  gentian- violet,  and  methylene-blue. 
These  solutions  are  best  made  by  pouring  into  clean 
bottles  enough  of  the  dyes  in  substance  to  fill  them  to 
about  one-fourth  of  their  capacity.  Each  bottle  should 
then  be  filled  with  alcohol  or  with  water,  tightly  corked, 
well  shaken,  and  allowed  to  stand  for  twenty-four  hours. 
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If  by  thoii  all  the  atuiiiing-muterial  lias  been  tliasolv 
moro  kIiouIiI  Ik;  added,  the  bottle  l>eing  agaiu  shaken 
and  allowed  to  stund  for  another  twenty-four  hours; 
this  must  he  repeated  until  a  [K'rinancDt  spdinient  of 
undiseolved  coloring-matter  is  socn  uj>on  the  bottom 
of  the  bottle.  The  bottles  are  then  to  be  labelled 
"saturated  alcoholic"  or  "watery"  solution  of  fuch- 
sin,  gentian- violet,  or  mcthylene-bluo,  as  the  case  may 
be.  The  (ilcoholic  solutio)is  arc  not  diredly  employed  for 
stain  ing-p  iirposee. 

The  solutions  with  which  Htainiug  \s  accomplished 
are  made  from  the  stock  Bolutiony  in  the  following 
way: 

An  ordinary  teat-tube  of  about  l-'i  mm.  diameter  is 
three-fourths  filled  with  distilled  water  and  the  con- 
centrated alcoholic  or  watery  solution  of  the  dye 
ailde«l,  little  by  little,  until  one  can  just  see  through 
the  solution.  It  la  then  ready  for  use.  Care  must  be 
taken  that  the  color  does  not  become  too  dense.  The 
best  resultji   are   obtained  when    tliis   dilution   is  just 


trav^iinriil   !i.s  viewed   through   a   layer  about   12  to 
14  mm.  thick.     A  solution  eousisting  of  5  jniMs  of  the 
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saturated  alcoholic  solution  and  95  parts  of  distilled 
water  proves,  as  a  general  thing,  to  be  satisfactory. 

The  above  represent  the  staining-solutions  in  every- 
day use.  They  may  be  kept  in  bottles  supplied  with 
stoppers  and  pipettes  (Fig.  35),  and  when  used  are 
dropped  upon  the  preparation  to  be  stained. 

For  certain  bacteria  which  stain  only  imperfectly 
with  these  simple  solutions  it  is  necessary  to  employ 
some  agent  that  will  increase  the  penetrating  action  of 
the  dyes.  Experience  has  taught  us  that  this  can  be 
accomplished  by  the  addition  to  the  solutions  of  small 
quantities  of  alkaline  substances,  or  by  dissolving  the 
staining-materials  in  strong  watery  solutions  of  either 
aniline  oil  or  carbolic  acid,  instead  of  water — in  other 
words,  by  employing  special  solvents  and  mordants 
with  the  stains. 

Of  the  solutions  thus  prepared  which  may  always  be 
employed  upon  bacteria  that  show  a  tendency  to  stain 
imperfectly,  there  are  three  in  common  use — Ldffler's 
alkaline  methylene-blue  solution;  the  Koch-Ehrlich 
aniline-water  solution  of  either  fuchsin,  gentian-violet, 
or  methylene-blue ;  and  Ziehl's  solution  of  fuchsin  in 
carbolic  acid.     These  solutions  are  as  follows : 

Loffler^s  alkaline  methylene-blue  solution : 

Concentrated  alcoholic  solution  of  methylene-blue  .    .     30  c.c. 
Caustic  potash  in  1 :  10,000  solution 100  c.c. 

Koch-Ehrlich  aniline-water  solution.  To  about  100 
c.c.  of  distilled  water  aniline  oil  is  added  drop  by  drop 
until  the  solution  has  an  opaque  appearance,  the  vessel 
containing  the  solution  being  thoroughly  shaken  after 
the  addition  of  each  drop.  It  is  then  filtered  through 
moistened    filter-paper    until   the   filtrate   is   perfectly 
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dear.     T<.  100  cl-.  of  the  rleiir  filtrate  add  10  ex.  of 
absolute  alcohul  and  11  c.c.  of  the  eonceiilrated  alw)-  ] 
iiolic  solution  of  either  fuehgio,  methylene-blue,  or  geu- 
tian-violet,  preferably  fuchsiu  or  gcutiau-violct. 
ZieMs  carbol-Jvcfmn  sotntion  : 

Difltilled  water 100  c.c. 

Oirbolie  ucid  (rryslJilliwd)     ...,..,.  5  Eramiuea. 

Alcohol lOe.e. 

FucbsiD  in  Aobiitaiicu 1  grtmune. 


Or  it  may  be  prepared  by  adding  to  a  5  per  cent, 
watery  solution  of  carbolic  acid  the  saturated  alcoholic 
sohitiou  of  fucbein  until  a  metallic  lustre  appears  on 
the  surface  of  tJie  fluid. 

The  Koch-Ehrlieh  solution  decomposes  after  a  time, 
so  that  it  is  lietter  to  pre|mre  it  fresh  in  small  (piuntitieH 
when  needed  tliun  to  employ  old  solutions.  Solutions 
older  than  fourteen  days  should  not  be  used. 

The  three  soliition.s  jtist  given  may  be  used  for  cover- 
gluss  pn']iamtionH  in  the  onlinary  way. 

In  some  manipulations  it  becomes  neticssary  to  stain 
the  Iract^ria  very  intt-nsely,  so  that  they  may  retain 
their  <-olor  when  exposed  to  the  action  of  deeolorixing 
&gent.s.  These  nietlnxlB  are  UHually  employed  when  it 
is  desirable  to  deprive  anrroimding  objects  or  tissues  of 
their  color,  in  order  that  the  stained  bacteria  may  stand 
out  in  great^T  contmst.  It  is  in  these  cases  that  the 
staiuin^-Holution  with  which  the  liaclerin  are  being 
treated  is  to  be  watraed,  and  in  some  cases  lM»iled,  so  as 
further  to  incpease  it.s  iH?uetmting  action.  When  so 
treated,  <«'rtain  of  the  bacteria  will  retain  their  color, 
even  when  cxpowed  to  very  strong  deeolorizers.  The 
tubercle  bacillus  is  distinguished   from  the  great  ma- 
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jority  of  other  bacteria  by  the  tenacity  with  which  it 
retains  the  color  when  treated  in  this  way;  it  is  an 
organism  diiBBcult  to  stain,  but  when  once  stained  is 
equally  difficult  to  rob  of  its  color. 

Method  of  Staining  the  Tubercle  Bacillus. 
— Select  from  the  sputum  of  a  tuberculous  subject  one 
of  the  small,  white,  cheesy  masses  which  it  is  seen 
to  contain.  Spread  this  upon  a  cover-slip,  dry  and 
fix  it  in  the  usual  way.  The  slip  is  now  to  be  taken 
by  its  edge  with  forceps  and  the  film  covered  with  a 
few  drops  of  either  the  solution  of  Koch-Ehrlich  or 
that  of  Ziehl.  It  is  then  held  over  a  gas-flame,  at  first 
some  distance  away,  gradually  being  brought  nearer 
until  the  fluid  begins  to  boil.  After  it  has  bubbled 
once  or  twice  it  is  removed  from  the  flame,  the  excess 
of  stain  washed  away  in  a  stream  of  water,  then  im- 
mersed in  a  30  per  cent,  solution  of  nitric  acid  in 
water,  and  allowed  to  remain  until  all  color  has  dis- 
apjKjared.  This  takes  longer  in  some  cases  than  in 
others.  One  can  always  determine  if  decolorization  is 
complete  by  washing  off  the  acid  in  a  stream  of  water. 
If  the  preparation  is  still  distinctly  colored,  it  should 
be  again  immersed  in  the  acid ;  if  of  only  a  very  faint 
color,  it  may  be  dipped  in  alcohol,  again  washed  in 
water,  and  stained  with  some  contnist-color.  If,  for 
example,  the  tubercle  l)acilli  have  been  stained  with 
fuchsin,  methylene-blue  forms  a  good  contrast-stain. 
In  making  the  contrast-stain  the  steps  in  the  process 
are  exactly  those  followed  in  the  ordinary  staining 
of  cover-slip  preparations  in  general :  the  slip  (contain- 
ing the  stained  tubercle  bacilli  is  can  fully  rinsed  in 
water,  and  a  few  drops  of  the  methylene-bluo  solution 
placed  upon  it   and    allowed   to  remain   for  thirty  or 
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forty  seconds,  when  it  im  ngaui  rinswi  in  wiiter  iitui 
examined  microscopical  ly.  For  tliie  piirjiuse  oi'  observ- 
ing the  difiercncG  in  beliiivior  of  tlic  tubercle  bacilli 
and  the  other  organisms  present  in  the  preparation 
toward  this  method  of  staining,  it  is  well  to  exam- 
ine the  preparation  raicroscopieally  before  the  con- 
trastr-stain  is  made;  then  give  it  the  contrast-color, 
and  again  examine.  It  will  he  seen  that  before  the 
contrast-color  has  been  given  to  the  preiwiration  the 
tubcrt'lo  bacilli  art  the  ordy  stained  objects  to  be 
made  out,  and  the  preparation  appears  devoid  of 
other  orgsmismH;  but  upon  examining  it  after  it  has 
received  tlie  contrastrKiolor  a  great  many  other  or- 
ganisms will  appear ;  tliose  take  ou  the  st^ntnd  color 
employed,  while  the  tubercle  bacilli  retain  their  orig- 
inal color.  Before  decolorization  all  organisms  in  the 
preparation  were  of  the  same  color,  but  during  the  appli- 
cation of  the  decolorizing  .solution  all  except  the  tulwrclo 
bacilli  gave  up  their  color.  This  niicro-<;heniieal  charac- 
teristic, together  with  reactions  to  be  described,  serves 
to  <lifrereutiate  the  tiiberrle  bacillus  from  other  organ- 
isms with  which  it  might  be  confounded.  A  number 
of  different  methods  have  been  suggested  for  the  stain- 
ing of  tubercle  baitilli,  but  the  original  method  as  em- 
ployed by  Koch  is  so  satisfactory  in  Its  results  that  it  is 
not  advisable  to  substitute  others  for  it.  The  above 
diff'erfl  from  the  original  Koch-Ehrlich  method  for  the 
staining  of  tubercle  bneiUi  in  sputum  only  in  the  occa- 
sional employment  of  Ziehl's  earbol-fueliain  solution 
and  in  the  method  of  heating  the  preparation  with  the 
staining- fluid  upon  it. 

Art  Niittall  has  i>ointed  out,  however,  the  strong  acid 
decoloriziT  used  in  this  method  can,  with  advantage, 
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be  replaced  by  much  more  dilute  solutions,  as  a  number 
of  the  bacilli  are  entirely  decolorized  by  the  too  energetic 
action  of  the  strong  acids.  He  recommends  the  follow- 
ing method  of  decolorization :  after  staining  the  slip  or 
section  in  the  usual  way,  pass  it  through  three  alcohols ; 
it  is  then  to  be  washed  in  a  solution  composed  of 

Water 150  c.c. 

Alcohol 50  c.c. 

Ck>ncentfated  sulphuric  acid 20  to  30  drops. 

From  this  it  is  removed  to  water  and  carefully  rinsed. 
The  remaining  steps  in  the  process  are  the  same  as  those 
given  in  the  other  methods. 

Gabbett^s  Method  for  the  staining  of  tuben^le 
bacilli  recommends  itself  because  of  its  simplicity  and 
the  rapidity  with  which  it  can  be  performed.  By  many 
it  is  considered  the  best  method  for  routine  employ- 
ment. It  consists  in  staining  the  cover-slips,  prepared 
in  the  manner  given,  for  from  two  to  five  minutes  in 
a  cold  carbol-fuchsin  solution,  after  which  they  are  sub- 
jected to  the  action  of  Gabbett's  methylene-blue  sul- 
phuric acid  solution.     This  latter  consists  of 

Sulphuric  acid  (strength  25  per  cent.)   ....  100  c.c. 
Methylene-blue,  in  substance 1  to  2  grammes. 

The  cover-slips  are  then  rinsed  in  water  and  are  ready 
for  examination.  The  tubercle  bacilli  will  be  stained 
red  by  the  fuchsin,  while  all  other  bacteria,  cell-nuclei, 
etc.,  will  be  tinted  blue. 

Gram's   Method. — Another   important   differential 

method  of  staining  which  is  very  commonly  employed 

is  that  recommended  by  Gram.     In  this  method  the 

objects  are  treated  with  an  aniline-wat<»r  solution  of 

^ntian-violet  made  after  the  formula  of  Koch-Ehrlich. 
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gentian-violet  made  after  the  formula  of  Kooli-Eiirlich 
After  remaining  in  this  for  twenty  to  thirty  miuutes 
they  are  immersed  in  a  solution  composed  of 

Iodine )  Rntaii 

PoUffiium  iudide 2  gnmuuea. 

Distilled  water    , 300  i-.c 

In  this  they  remain  for  about  five  minutes;  they  are 
then  transferred  to  alcohol  and  thoroughly  rinsed.  If 
still  of  a  violet  color,  they  are  aguin  treated  with  the 
iodine  solution,  followed  by  alcohol,  and  tliis  is  con- 
tinuetl  until  no  trace  of  violet  la  visible  to  the  nake<l 
eye.  They  may  then  1k'  examined,  or  a  enutrast-eolor 
of  carmine  or  Bismarck-brown  may  be  given  them.  i 

This  method  is  particularly  useful  in  demonstrating   ' 
the  capsule  wliich  is  seen  to  surround  some  bacteria, 
especially  micrococcus  lanceolntus  of  pneumonia. 

Glacial  Acetic  Acid  Method, — Another  method 
that  may  be  employed  for  demonstrating  the  presence 
of  the  capsule  surrounding  certain  organisms  is  to  pre- 
pare the  covcr-slij»s  in  the  ordinary  way,  then  cover  t!ie 
layer  of  bacteria  upon  them  with  glacial  acetic  acid, 
which  is  instantly  poured  off  (not  washed  off  in  water), 
and  the  aniline-water  gentian- violet  solution  dropped 
upon  them ;  this  is  allowe<l  to  n'main  three  or  four 
minutes,  is  poured  off,  and  a  few  drops  more  are  adiied, 
and  lastly  the  slip  is  washed  in  a  sohition  of  sodium 
chloride.  Usually  this  is  of  the  strength  of  phyaio- 
li^ical  salt-solution,  viz.,  0.6  to  0.7  per  cent. ;  but  at 
times  it  must  bo  stronger,  occasionally  as  concen- 
tratwl  as  1,5  to  2  per  cent.  The  reason  for  this 
is  that  if  the  slips  be  washed  in  water,  or  in  salt- 
solution    that   is   too   weak,   the    mucin   capsule   that 
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has  been  coagulated  by  the  acetic  acid  is  redissolved 
and  rendered  invisible.  This  does  not  occur  when  the 
salt-solution  is  of  the  proper  strength — a  point  that  can 
be  determined  only  after  a  few  trials  with  solutions  of 
different  strengths.  (Welch.)  A  very  clear,  sharply  cut 
picture  usually  follows  this  method  of  procedure. 

Ribl>ert  also  recommends  for  the  staining  of  capsu- 
lated  bacteria  the  momentary  immersion  of  the  cover- 
slips  in  a  saturated  solution  of  dahlia  in  a  mixture  of 
100  parts  of  water,  50  parts  of  alcohol,  and  l^J-  parts 
of  glacial  acetic  acid ;  aft«r  which  the  excess  of  color 
is  removeil  by  washing  in  water. 

Staining  of  Spores. — We  liave  learned  that  one  of 
the  points  by  which  spores  may  be  re(X)gnizcd  is  their 
refusal  to  take  up  stainingnsubstances  when  applied  in 
the  ordinary  way.  They  may,  however,  be  stained  by 
special  methods ;  of  these,  one  that  has  given  fairly  satis- 
factory results  in  our  hands  is  as  follows :  the  cover- 
slip  is  to  be  prt»pared  from  the  material  containing  the 
spores  in  the  ordinary  way,  dried,  and  fixed.  It  is  then 
to  l)e  held  by  its  edge  with  forceixs,  and  its  surface  cov- 
ered with  Loffler's  alkaline  methylene-blue  solution.  It 
is  then  held  over  the  Bunsen  flame  until  the  fluid  boils ; 
it  is  then  removed,  and  after  a  few  seconds  is  heated 
again.  This  is  continued  for  about  one  minute,  after 
which  it  is  washed  in  water  and  then  dcK^iihmzed  in 

Alcohol  (80  per  cent.)     98  c.c. 

Nitric  ai'id 2  c.c. 

until  all  visible  blue  color  has  disappeared.  It  is  then 
rinsed  in  water  and  dipi>ed  for  from  8  to  5  se(;onds  in 

Saturated  alcoholic  solution  of  eosin 10  c.c. 

Water      90c.c. 
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altor  wliicli  it  is  again  rinsed  in  water  luul  liniilly 
mouuted  for  examination.  If  the  <lec<)l(>rixati<)ii  in  : 
the  acid  alooliol  be  not  «irried  too  far,  the  preparation  I 
will  show  the  gpores  st:iined  blue  and  tho  budies  of  the  \ 
cells  to  have  taken  on  the  rose  color  cliaracteristie  of  eosin. 
By  another  process  the  cover-slip  is  floated,  bacteria 
down,  u|)on  the  surface  of  freshly  prepared  Koch- 
Ehrlich  solution  of  fucimin  contained  in  a  wateh-crys- 
tal.  This  is  then  held  by  its  edge  with  forceps  about 
2  cm,  above  a  very  small  flame  of  a  Bnneon  burner, 
care  being  taken  that  the  flame  toncheB  only  the  centre 
of  the  bottom  of  the  crystal.  AfU'f  a  few  seconds  the 
crystal  is  gmdiialiy  elevated  until  it  is  about  6  to  8  cm. 
above  the  flame ;  then  it  is  slowly  ni<}ved  down  to  the 
flame  again,  and  this  u{}'Hnd-down  movement  is  con- 
tinued nntil  the  staining-fluid  begins  to  boil.  As  soon 
as  a  few  bubbles  have  been  given  off  it  is  held  aside 
for  a  minute  or  two,  when  the  beating  is  repeated. 
When  the  liolling  begins  the  crystal  is  a^in  held  aside 
for  a  minute  or  two.  The  crystal  is  heatwl  in  tliis  way 
five  or  six  times.  When  the  fluid  has  stood  for  about  five 
niiimtes  after  the  last  boiling  the  ]ireitaration  is  trans- 
ferred, without  washing  in  water,  to  a  second  watch- 
crystal  containing  the  following  decolorizing  solution  : 


In  this  solution  it  is  placed,  bacteria  up,  and  ttie 
vessel  is  tllbxl  from  side  to  side  for  about  one  minute. 
It  is  then  removed,  wasbed  in  water,  and  stained  with 
the  uiotbylenc-blue  sohitiim.  The  spores  will  be  stained 
red  :mu1  the  l»ody  of  the  cells  blue. 
MoEi.iJUi's  Method   for  SrArNiNo  Si*obk8. — A 
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method  that  has  recently  been  published  by  Moeller 
is  designed  to  favor  tlie  penetration  of  the  coloring- 
material  through  the  spore-membrane  by  macerating 
the  spores  in  a  solution  of  chromic  acid  before  staining 
them.     It  is  as  follows : 

The  cover-slips  are  prepared  in  the  usual  way,  or  the 
fixing  may  be  accomplished  with  absolute  alcohol  in- 
stead of  high  temperatures.  The  preparation  is  held 
for  two  minutes  in  chloroform,  washed  in  water,  placed 
for  from  one-half  to  two  minutes  in  a  5  per  cent,  solu- 
tion of  chromic  acid,  again  washed  in  water,  and  stained 
with  carbol-fuchsin.  In  the  process  of  staining,  the  slip 
is  taken  by  the  corner  with  forceps,  and  carbol-fuchsin 
is  dropped  upon  the  side  containing  the  spores.  It  is 
then  held  over  a  flame  until  it  boils,  and  then  held 
some  distance  above  the  flame  for  one  minute.  The 
staining-fluid  is  then  poured  off  and  the  preparation  is 
completely  decolorized  in  5  per  cent,  sulphuric  acid, 
again  washed  in  water,  and  finally  stained  for  thirty 
seconds  in  the  watery  methylene-blue  solution.  The 
spores  will  be  red,  the  body  of  the  cells  blue. 

In  this  method  the  object  of  the  preliminary  ex- 
posure to  chloroform  is  to  dissolve  any  crystals  of  leci- 
thin, cholesterin,  or  fat  that  may  be  in  the  preparation, 
and  which  when  stained  might  cause  confusion. 

It  must  be  remembered  that  there  are  conspicuous 
differences  in  the  behavior  of  spores  of  different  bacteria 
to  staining-mcthods  and  of  the  spores  of  a  single  species 
in  different  stages  of  development.  Some  stain  readily 
by  either  of  the  methods  especially  devised  for  this 
purpose,  while  others  can  hardly  be  stained  at  all,  or 
only  with  the  greatest  difficulty,  by  any  of  the  known 
processes;  some  stain  readily  when  fully  developed,  but 
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witli  flifficiiitv  when  oiilv  partly  dev('Io|)eU  ;  others  have 
this  |)efiiliarity  reversed. 

Loffi.ek'h  MEH'miD  FOR  Stainino  Flageli^a. — ■ 
For  the  (lcnit>iistnition  of  the  loeomotive  appiiratus  pos- 
scsseA  by  motile  bael«ria  we  are  indebted  to  Lofflor. 
By  a  special  method  of  staining,  in  whieli  the  use  of 
mordants  playtnl  the  essential  part,  he  has  shown  that 
those  organifmH  [vissess  very  delioatc,  hair-like  appen- 
dages, by  the  lashing  moveuents  of  which  tliey  propel 
tberaselves  thniiigh  the  fluid  in  whieh  they  are  growing. 
The  method  a«  (^iven  by  Loffler  is  as  follows : 

It  is  essential  that  the  bacteria  be  evenly  and  not 
too  nume-mudy  distributed  upon  the  cover-slip.  The 
sli{>s  iniiat  therefore  be  perfectly  clean,  (Sec  U'lffa^a 
mftliod  of  cleaning  cover-slips.)  Five  or  six  of  the 
rarpfidly  cleansed  cover-slipa  are  to  be  placed  in  a  line 
on  a  table,  and  on  the  centre  of  each  slip  a  very  small 
drop  of  tap-water  is  placed.  From  the  cnltnre  to  be 
exaininetl  a  minute  portion  is  tmnsferred  to  the  first 
slip  and  carefully  mixed  witli  the  drop  of  water ;  from 
this  mixture  a  small  portion  is  transferred  to  the  second, 
and  frt>m  the  second  to  the  third  slip,  and  so  nn,  in  tlua 
way  insuring  a  dilution  of  the  nnmber  of  organisms 
pns«}nt  in  the  preparations.  These  slips  are  then  dried 
and  fixed  in  the  onlinary  way.  They  arc  next  to  be 
wannc<l  in  the  following  solution  : 

Tannic  ncid  aolutton  In  water  (20  acid,  80  water)  .   .  \n  i-.c. 

rold  RBttinttwl  KiiliLtLoii  nf  fcrraiiHHiilrhalo r>e.v. 

Satuntcfl  watery  or  alroholir  solutloti  iif  fiiuhsin  I  fx. 


i 


This  solution  represents  the  monlant.  A  few  drojts 
of  it  are  to  be  placed  upon  the  film  of  bacteria  on  the 
cover-slip,  which  is  then  to  be  held  i>ver  a  flame  until 
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the  solution  begins  to  steam.  It  should  not  be  boiled. 
After  steaming,  the  mordant  is  washed  off  in  water  and 
finally  in  alcohol.  The  bacteria  are  then  to  be  stained 
in  a  saturated  aniline-water-fuehsin  solution. 

When  treated  in  this  way  different  bacteria  behave 
differently :  the  flagella  of  some  stain  readily  in  the 
above  solutions ;  others  require  the  addition  of  an  alkali 
in  varying  quantities ;  while  others  stain  best  after  the 
addition  of  acids.  To  meet  these  conditions  an  exact 
1  per  cent,  solution  of  caustic  soda  in  water  must  be 
prepared,  and  also  a  solution  of  sulphuric  acid  in  water 
of  such  strength  that  one  cubic  centimetre  will  be  ex- 
actly neutralized  by  one  cubic  centimetre  of  the  alkaline 
solution. 

For  different  bacteria  which  have  been  studied  by 
this  method  Loffler  recommends  the  one  or  the  other  of 
these  solutions  to  be  added  to  the  mordant  in  the  follow- 
ing proportions. 

Of  the  acid  solution  : 

For  spirillum  cholera:  Aaiatietej  ^  to  1  drop  of  acid  to  16  c.c.  of  mordant. 
For  spirillum  rubrum^  9  "  "  "  " 

For  spiriUum  Metschnikoffi,         4 

For  baeiUtu  pyocyaneus^  5  "  "  *'  " 

For  spiriUum  cancentricumy  no  addition  of  either  acid  or  aUtali. 

Of  the  alkaline  solution : 

For  baciUus  mesentericus  vuXgatuSf  4  drops  of  alkali  to  16  c.c.  of  mordant. 

For  micrococcus  tigilis,  20 

For  bacillus  typhosus^  22 

For  baciaus  subtUis,  28-30 

For  bacillus  oBdematis  maligni,  36-37 
For  iHicittus  anthrads  symp- 1 
tomatidy                     ) 

The  drops  used  run  22  to  the  cubic  centimetre. 
For  other  organisms  one  must  determine  whether  the 
results  are  better  after  the  addition  of  acid  or  alkali, 
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and  how  much  of  cither  is  required.  In  genpml,  it  may 
be  eaid  thai  bacteria  which  prwhu-e  acids  in  the  media 
in  which  they  are  growing  require  the  addition  of  alka- 
lies to  the  inoitlaiit,  while  those  that  prochioe  alkalies 
require  acids  to  be  added.  By  following  Loffler's  diree- 
tionw  the  delicate,  hair-like  flagella  on  motile  ni^nisniB 
may  be  rendered  jilaiiily  visible. 

There  are  several  [wints  and  slight  modifications  in 
connection  with  this  method  that  require  Uy  hf  empha- 
sized in  order  to  iusure  suct«ss :  the  culture  tf»  Ite  em- 
ployed should  be  young,  not  over  18-20  honrsold;  it 
should  have  develoiH-d  for  this  time  on  fresh  agar-agar 
at  37°  to  38°  C  ;  the  mordant  shonid  not  be  perfectly 
fresh,  as  the  best  results  are  obtained  from  tlie  use  of 
old  solutions  that  have  stowl  exposed  to  the  air  and 
that  have  been  filtered  just  before  using ;  when  placed 
on  the  cover-slip  and  held  over  the  flame  vtrer  lieai  ihe 
mcn-ilmit  to  thi-  bnlling-pohit ;  iwhni,  thv  best  resuiU  art 
obtained  when  the  preparation  is  heJd  high  above  thejlame 
anil  ivmoved  from  it  at  tliefirnt  evidence  of  vaporization, 
or,  better  dill,  a  Utile  brfm-e  this  j>oi»i  m  reached.  We 
have  derived  no  advantiige  from  the  addition  of  acids 
or  alkalies  to  the  monlant,  as  rocomniended  by  Loffler ; 
but  obtain,  with  a  fair  degree  of  regularity,  satisfactory 
results  through  the  use  of  the  neutral  mordant  alone.' 

BnxciE's  Method, — A  useful  modification  of  Lof- 
■fler's  method  is  that  rwnmmende<l  by  Bunge  :  prepare 
a  saturated  solution  of  tannin,  and  a  solution  nf  liquor 
ferri  sesquicblor.  of  the  strength  of  1  ;20  of  distilled 
water.     To  3  parts  of  the  tannin  sohition  add  I  part  of 

'  t  am  Indabteil  to  Dr.  Jamea  noiuer  Wright,  Tbumas  Scntl  Fe1l(iw 
ill  H.VEiene.  l«lO-'03,  ITniversUy  of  Pcnnaj-lvaiiia.  f.ir  tumu-  of  Iho 
aiigK^Htions  in  contii>ation  with  the  mcidllicatiuii  uf  this  turtiiud. 
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the  dilute  iron  solution.  To  10  c.c.  of  such  a  mixture 
add  1  c.c.  of  concentrated  watery  solution  of  fuchsin. 
This  mordant  is  not  to  be  ased  fresh,  but  only  after 
standing  ex|x>sed  to  the  air  for  several  days  (better  for 
several  weeks).  After  preparing  the  cover-slip  with  all 
precautions  necessary  to  cleanliness  the  filtered  mordant 
is  allowed  to  act  cold  for  about  five  minutes,  after  which 
it  is  slightly  warmed;  the  slip  is  then  washed  in 
water,  dried,  and  faintly  stained  with  carbol-fuchsin. 
No  addition  of  acid  or  alkali  to  the  mordant  is  neces- 
sary. 

The  Method  of  Van  Ermengem. — Another 
method  of  demonstrating  the  presence  of  flagella  is  that 
suggested  by  Van  Ermengem.  It  is  somewhat  more 
complicated  than  either  of  the  preceding  methods.  The 
steps  in  the  process  are  as  follows : 

In  the  centre  of  a  perfectly  cleaned  cover-slip  place 
a  drop  of  a  very  dilute  suspension,  in  physiological  salt- 
solution,  of  a  10-  to  18-hour  old  agar-agar  culture  of 
the  organism  to  be  studied.  The  suspension  of  the 
organisms  in  the  salt-solution  should  be  very  dilute  in 
order  to  favor  the  isolation  of  single  cells  on  the  slip 
and  also  to  obviate  the  occurrence  of  excessive  precip- 
itation. The  slips  are  then  to  be  dried  in  the  air  and 
fixed  over  a  gas-flame  in  the  usual  manner. 

The  mordant  used  consists  of: 

Osmic  acid  (2  per  cent,  solution) 1  part. 

Tannin  (10-25  per  cent,  solution) 2  parts. 

Place  a  drop  or  two  of  the  mordant  on  the  cover-slip 
to  l>e  staine<l,  aud  allow  it  to  act  for  one-half  hour  at 
room-temponiture,  or  for  five  minutes  at  50°  to  60°  C. 
Wash  carefully  in  water  and  in  alcohol,  and  then  im- 
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morse  for  a  few  seeonds  in  tlie  "  Belli*!  tiziiig  b-ath," 
a  0.25-0.0  per  ttiit,  solution  of  silver  iiitnite.     Witlioiij 
wusliing,  bring  the  slip  into  a  watch-oiystaliul  uf  t 
"reiiucing  anil  roiiiforeing  bath,"  viz.: 

Oallic  Bcid 5  grammes. 


After  a  fi'w  sei'onds  iwaa  the  slip  hack  into  a  watcb- 
crystal  containing  the  dilntc  silver  bath  (0.25-0.5  per' 
cent,  solution  of  Hilver  nitrat4?  in  water)  and  keep  it 
in  constant  motion  nntil  the  solution  biggins  to  t^ike  on 
a  brown  or  blackish  color.  Wash  in  water  (/nwoi(jf/i/y; 
dry  with  blotting-paper,  and  mount  in  balsam. 

BowHir.i.'s  Mbthod. — From  a  fresh  cnltnre  on  agar- 
agar  make  a  suspension  in  otcrilized  distilled  wat^^r  iu  a 
test-tube ;  allow  this  to  i^tand  for  five  minutes ;  from  tlic 
supernatant  fluid  prepare  cover-slips,  can?  being  taken 
that  the  slips  are  clean  and  that  too  much  heat  is  not 
applied  in  fixing;  float  the  cover-slip,  iHicteria  down, 
upon  some  of  the  following  mixture  in  a  wiit<;h-gl!iHB : 

teturatednlcohuUcwjIiitlun  of  orcein  (about  10  daj-ii  old)  .  ISr.c. 
SO  per  cent,  solulitm  at  Itumlc  acid  in  water  (acid  dis- 

boItmI  by  healing)      .  ...  ....  lOc.c. 

Diatilled  water    .    .  80  c,c. 

Gently  warm  tlie  fluid  niiil  allow  the  preparation  to 
remain  in  it  for  10-15  minutes;  then  rinse  in  water, 
and  finally  mount  and  exiiuiine  in  water  or  dry  and 
mount  in  xylol  l>alsum.' 

Method  of  I-^wit, — Prepare  cover-slips  by  une  of 
the  foH'going  mcthi)d»  that  insures  isolation  of  single 

'  BowliUl :   HyKienisrbe  Rimdiu'lmu,  IWaS,  Nii.  3,  [..  inS. 
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cells  without  tearing  the  flagella ;  allow  to  dry  in  air ; 
fix  in  gas-flame  by  holding  slip  between  the  fingers  (not 
forceps)  and  passing  through  the  flume  once  (not  more). 
They  are  then  to  l)e  treated  with  a  monlant  made  as 
follows :  Dissolve  5  grammes  of  tannic  acid  in  20  c.c. 
of  water  and  filter  twice ;  to  10  c.c.  of  the  filtrate  add 
5  C.C.  of  a  saturated  watery  solution  of  cupric  sulphate 
and  1  c.c.  of  a  saturated  alcoholic  solution  of  fuchsin. 
Filter  the  mixture  twice.  Treat  the  cover-slips  with 
the  filtered  mordant  for  two  or  three  minutes  at  room- 
temperature.  Then  wash  them  thorouglily  in  water 
and  stain  for  three  or  five  minutes  in  the  ordinary  way 
(without  heating)  in  the  Koch-Ehrlich  aniline- water 
fuchsin  solution.  Wash  in  water  thoroughly,  or  for  a 
few  seconds  in  50  per  cent,  alcohol  and  then  in  water. 

Durham's  Method. — Prepare  cover-slips  according 
to  the  methods  given  above.  Place  them  face  down  in 
the  following  mixture :  Saturated  solution  of  stannous 
chloride  (SnClj),  1  part;  15  per  cent,  solution  of  tannin, 
1  part;  saturated  alcoholic  solution  of  methy lone-blue, 
a  few  drops.  Warm  for  a  few  minutes,  and  allow  to 
cool.  Wash  cover-slip  in  distilled  water.  It  will  be 
found  covered  with  precipitate,  which  may  readily  be 
removed  by  washing  in  warm  tannin  solution.  Care 
must  be  taken  in  doing  this,  as  the  tannin  solution  is 
apt  to  deprive  the  preparation  entirely  of  its  color. 
After  removing  the  precipitate  with  tannin  solution  the 
preparation  may  be  washed  in  water  and  restained. 

Method  of  De  Rossi. — Prepare  cover-slips  as  di- 
re(*ted  above  from  agar-agtir  culture  not  over  four  days 
old.  Mix  the  bacteria  gently  thmngh  a  drop  of  dis- 
tilled water  placed  on  the  cover-slip,  without  smearing 
the  drop  over  the  surface.     Dry  the  preparation  over 
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(■(inrentrated  HUipluiric  acul  in  the  desiccator.  D{^ 
fix  it  in  the  Hame.  When  drietl,  treat  the  cover-slip 
with  I  Jrup  of  a  monlaiit  made  by  dissolving  25 
granimca  of  tannic  acid  in  100  e.c.  of  a  warm  ]  jht  cent, 
laiustie  piitafih  solution,  and  add  4  iir  6  drops  of  freslily 
prepareil  Zielil-Neelaen  carbol-fiichfiin,  Precipitation 
at  once  iK«;nr8.  Leave  the  stain  on  for  twenty  to 
twenty-five  minutest ;  wash  in  distilled  water.  The 
thinner  the  preparation  the  better  is  the  result. 

No  inatt4>r  which  of  the  foregoing  methodii  is  selected, 
there  are  certain  features  common  to  them  all  which 
a])]K'ar  to  be  essential  to  satisfaetory  resultn,  viz.,  per- 
lectly  clean  covei'-alips ;  very  great  care  in  spreading 
the  l»acleria  <iu  the  slip,  so  as  to  avoid  tearing  off  of 
the  flagella;  n'i)eated  dilution,  so  as  to  obtain  relatively 
few  ba<'teria,  and  these  well  s(^parat(Hl  from  one  another; 
and,  finally,  great  tare  not  to  employ  high  tenipcrutnrea 
when  either  fixing  or  staining  the  preparation. 


STAINIWJ    I.N    f;f:NKHAI. 


The  pliysics  of  staining  and  deculorization  is  hardly 
a  subject  to  be  discussed  at  length  in  a  book  of  this 
character;  but,  as  Kiiline  has  pointed  out,  it  may  be 
briefly  said  that  solutions  which  favor  the  production  of 
diffusion-cuiTentfl  facilitate  intenwity  of  staining,  and  by 
a  similar  process  increase  tlie  eneigy  of  dccolorizing- 
agents.  For  example,  ti.ssues  which  are  transferred 
from  water  into  watery  solutions  of  the  coloring-mat- 
ters are  lees  intensely  stained  and  more  easily  dccolor- 
izini  than  wlien  transferred  i'mm  alcohol  into  watery 
stuining-fluids;  for  tlie  sunie  reason  tissues  stained  in 
watery  solutions  of  the  dyes  do  not  become  decolorized 
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so  readily  when  placed  in  water  as  when  placed  in 
alcohol. 

The  diffusion  of  staining-soliitions  in  the  protoplasm 
of  dried  bacteria,  as  found  upon  cover-slip  preparations, 
is  much  greater  and  more  rapid  than  when  the  same 
bacteria  are  located  in  the  interstices  of  tissues.  These 
differences  are  not  in  the  bacteria  themselves,  but  in  the 
obstruction  to  diffusion  offered  by  the  tissues  in  which 
they  are  located.  The  result  of  absence  of  diffusion 
may  easily  be  illustrated  : 

Prepare  a  cover-slip  preparation,  dry  it  carefully,  fix 
it,  and,  without  allowing  water  to  get  on  it  from  any 
source,  attempt  to  stain  it  with  a  solution  of  the 
dyes  in  absolute  alcohol,  washing  it  subsequently  with 
absolute  alcohol ;  the  result  is  negative.  The  abso- 
lute alcohol  does  not  possess  the  property  of  diffusing 
into  the  dried  tissues,  and  hence,  as  has  been  stated, 
alcoholic  solutions  of  the  staining-dyes  cannot  be  satis- 
factorily employed.  The  staining-dyes  should  always 
be  watery.* 

Decx)I/)RIZIXG-soi.utions. — As  regards  the  employ- 
ment of  decolori zing-agents,  it  must  always  be  borne  in 
mind  that  objects  wliich  are  easily  stained  are  also  easily 
decolorized,  and  those  that  can  be  made  to  take  up  the 
stain ing-material  only  with  difficulty  are  also  very  diffi- 
cult to  rob  of  their  color.  The  most  common  decolor- 
izer  in  use  is  probably  alcohol — not  absolute  alcohol, 
but  alcohol  containing  more  or  less  of  water.      Water 

*  In  the  beginning  of  this  chapter  it  was  stated  that  the  siituratcd 
alcoholic  solutions  of  the  dyes  do  not  serve  as  stains  for  bacteria.  It 
must  be  remembered  that  this  holds  only  when  absolute  alcohol  and 
perfectly  dry  coloring-matters  have  been  used.  If  but  a  small  propor- 
tion of  water  is  present,  the  bacteria  may  be  stained  with  these  solu- 
tions, though  the  results  are,  as  a  rule,  unsatisfactory. 
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iiliiiK.'  liati  this  i»rniM?rty,  but  in  a  iiiiK'h  k^ss  di'gree  thi 
dilute  alcohol.  Ou  the  other  luind,  a  much  n 
getio  decolorization  tlian  that  pofisessetl  by  either  alone 
can  be  obtaiiu-d  by  alternate  exiMstires  to  aleohol  ami 
water.  More  eiiei^tic  in  their  dceoloriKing  action  than 
either  water  or  aleohcd  are  .sohitione  of  the  acids.  They 
appear,  partieularly  when  they  are  aleoholic  ftohitions, 
to  diffuse  rapidly  into  tissues  and  l)aetoria  and  very 
quickly  extrjMit  the  staiuing-materials  whieh  Iiave  l)eeii 
deposited  there.  For  this  reason  these  eohitions  should 
bo  employed  with  much  cure. 

Very  dilute  acetic  acid  roba  tissues  and  bacteria  of 
their  stain  with  remarkable  acti\'ityj  still  more  ener- 
getic are  solutions  of  the  mineral  acids,  and  particularly, 
as  has  been  said,  when  this  action  is  accompanied  by 
the  de'xilorizing-pnipertieR  of  alcohol. 

The  acid  solutions  commonly  employed  are : 

Acetic  acid  in  from  0. 1  to  5  [)er  cent,  watery  solution. 

Nitric  acid  in  from  20  to  30  jier  cent,  watery  solu- 
tion. 

Ridphuric  acid  in  I'mm  .j  to  10  i>er  cent,  solution  in 
water. 

Hydrochloric  acid  in  from  I  to  3  per  cent,  solution  in 
alcohol. 

STAININd  OF  BACTEHIA  IN  TISSUES. 
In  staining  tissues  for  the  purjKwe  of  demonstrating 
the  bacteria  which  they  may  contain  a  numlier  of  |K)intB 
must  be  home  in  mind  :  the  conditions  which  favor  tlic 
dittiision  of  the  staining-iluids  into  tlie  bact<^'ria  are  now 
not  so  favorable  to  rapid  staining  as  they  were  when 
the  Iractcria  alone  were  present  iiihhi  cover-slips;  the 
staining  of  tisiiUes,  tlieretore,  rcijuires  a  longer  exposure 
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to  the  dyes  than  does  that  of  cover-sh'ps.  In  tissues, 
too,  there  are  other  substances  beside  the  bacteria  which 
become  stained,  and  these,  unless  robbed  in  whole  or  in 
part  of  their  color,  may  so  mask  the  stained  bacteria  as 
to  render  them  difficult,  if  not  impossible,  of  detection. 
Tissues  must,  therefore,  always  be  subjected  to  some 
degree  of  decolorization,  and  this  must  be  accomplished 
without  depriving  the  bacteria  of  their  color. 

Another  |K)int  to  be  remembered  in  staining  tissues 
is  that  they  cannot  be  heated  and  retain  their  structure 
in  the  same  way  that  one  heats  cover-slips.  The  best 
results  are  not  obtained  in  efforts  to  hasten  the  staining 
by  subjection  to  high  temperatures,  but  rather  by  longer 
exposures  to  lower  temperatures. 

Hardening  the  Tlssues. — The  bits  of  tissue — not 
larger  than  one  cubic  centimetre — are  to  be  placed,  as 
fresh  as  possible,  in  absolute  alcohol.  They  should  rest 
upon  a  pad  of  cotton  or  filter-paper  in  the  bottle  con- 
taining the  alcohol,  in  order  that  they  may  be  elevated 
and  surrounded  by  the  portion  of  the  alcohol  which  is 
specifically  the  lightest,  and  consequently  contains  least 
water.  The  alcohol  abstracts  water  from  the  tissue, 
and  as  the  dehydration  proceeds  the  tissue  becomes 
accordingly  more  and  more  dense.  When  of  about  the 
consistency  of  fresh  solid  rubber,  or  preferably  not  quite 
so  dense,  it  is  ready  to  cut.  A  small  portion,  about  half 
a  cubic  centimetre,  should  be  cemented  to  a  bit  of  cork 
with  ordinary  mucilag(^,  and  allowed  to  remain  in  the 
open  air  for  a  minute  or  two  for  the  mucilage  to  harden. 
Alcohol  should  be  dropped  upon  it  occasionally  to  pre- 
vent drying  of  the  tissue.     When  the  mucilage  is  firm 

*  The  details  of  the  method  of  decolonziitiou  will  be  described  in  the 
0ectioq  on  the  technique  of  staining. 
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tiif  cork  with  the  piece  of  tisfnie  iijxiii  it  iii;iy  lie  li  It  ina 
aleoliul  over  night,  aiwt  on  the  following  day  the  t 
tiuns  Diay  be  cut. 

SECTiOK-i^i'TriKo, — Tliis  is  awonipliBhcd  by  the  i 
of  an  instrument  known  as  a  microtome.  Tn  Fig.  3 
is  seen  the  form  now  commonly  employed.  It  is  know 
as  Schanze's  microtome.  It  is  an  apimrntus  pwivided  witl 
a  clamp  for  holding  the  cork  upon  wldeh  the  tis 
mented,  and  also  a  gliding  clump  wliieli  earrieu  a  knife 


Tlie  tissue  is  clam  pet)  horizontally,  and  the  knife  m  cause 
to  slide  across  its  upper  aurfJK^.  also  in  a  horizontal  plane,! 
Beneath  the  elamp  for  holding  the  tissue  in  a  milled  disk,  n 
by  nieuii.4  of  which  a  screw  is  eausetl  to  revolve,  and  in 
revolving  raises  or  lowers  the  clamp  holding  the  tissue, 
so  that  the  tissue  may  l)e  brought  closer  to  or  farther 
fiiim   the  plane  in  which  the    knife   slides.     By  this 
arrangement  sections  of  any  desired  thickness  can  be 
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cut  by  turning  the  milled  disk  with  the  one  hand  and 
causing  the  knife  to  traverse  the  tissue  with  the  other. 
The  tissue  and  the  knife- blade  should  be  kept  wet 
with  alcohol,  so  that  tiie  sections  may  float  u|X)n  the 
blade  of  the  knife,  fn)m  which  thev  can  easily  be  re- 
moved,  without  tearing,  with  a  curved  needle  or  a 
camel's-hair  brush.  As  the  sections  are  cut  they  are 
placed  in  a  dish  containing  alcohol. 

There  are  some  tissues  which,  by  reason  of  their 
histological  structure,  do  not  become  sufficiently  dense 
when  exposed  to  alcohol  to  permit  of  their  being  cut  in 
the  above  way.  It  becomes  necessary  to  render  them 
more  solid  by  filling  their  interstices  with  some  sub- 
stance that  neither  interferes  with  their  structure  nor 
prevents  their  being  cut  into  sections.  They  must  be 
"  imbedded,"  as  this  process  is  called. 

Imbedding  in  celloidin.  Most  convenient  for  this 
purpose  is  celloidin,  a  body  somewhat  similar  to  collo- 
dion, soluble  in  a  mixture  of  equal  parts  of  alcohol  and 
ether,  as  well  as  in  absolute  alcohol. 

After  hardening  in  alcohol  the  tissue  to  be  imbedded 
is  placed  in  a  mixture  of  equal  partij  of  absolute  alcohol 
and  ether  and  left  there  for  twenty-four  hours.  It  is 
then  transferred  to  celloidin.  Two  solutions  of  celloidin 
are  to  be  employed  :  the  one  a  thin  solution  in  a  mixture 
of  equal  parts  of  absolute  alcohol  and  ether,  the  other  a 
thick  solution  in  the  same  solvent.  Into  the  thin  solu- 
tion, which  should  be  of  about  the  consistence  of  very 
thin  synip,  the  tissue  is  placed  from  the  absolute  alcohol 
and  ether,  and  allowed  to  remain  for  twenty-four  hours. 
It  is  then  placed  in  the  thick  solution  for  about  a  day. 
When  removed  it  should  be  placed  immediately  upon 
a  bit  of  cork  or  a  block  of  wood.     The  adherent  eel- 
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loidiii  ii(i[«  ns  a  cemeiil;  as  il  liurtleiin  rii|iiilK",  tlw* 
tisftiit;  its  soon  Fust  to  the  cork.  Tbc  section  is  tJien 
left  in  60  per  (xrnt.  alcoliol  for  twonty-ioiir  hours  t<i 
c!oni{ik'ti.<  the  solidification  of  i\w  eelloidin,  after  which 
Bcctiona  may  be  cut  in  the  way  just  described  for  tissues 
not  so  treated, 

Imhfddiiig  in  paraffi,n.  After  bits  of  the  tissue  i 
larger  than  a  cubic  centimetre  have  been  hardened  i 
the  usual  way  they  are  placed  in  fresh  ahsalide  alculu 
for  twenty-four  hours  to  complete  the  pr<M;ees.  Prom 
thia  they  are  transferred  to  pure  tnrfjentiue,  and  kept  ii 
a  ^v■arm  oven  at  a  temperature  not  exceeding  35° 
38°  C.  Here  they  remain  until  thoroughly  saturatec 
witli  tlie  turpentine,  as  is  rect^izecl  by  the  transparent 
ap]>earance  they  assume.  From  this  they  are  placed  in 
paniHin  that  meltri  at  53°  C,  and  allowed  to  remain  in 
this  for  three  or  four  hours.  They  are  then  trans- 
ferred to  a  small  ))aper  or  metal  mould,  or  a  pill-box, 
and  melted  paruHin  is  poure<l  over  them.  When  the 
parafHn  has  become  solid  the  mould  or  box  is  removed 
frwm  around  it,  the  exctws  of  jiarjiffin  Irirnnicd  from  about 
tile  ind)ed(lc(t  tissue,  and  the  lutt4-r  is  itikIv  lor  cutting. 

When  the  sections  are  cut  tbcy  are  freed  from  par- 
affin by  exposing  them  to  turpentine;  the  latter  is  re- 
moved by  washing  in  atcobol  and  the  sn-tions  can  then 
be  staine<I  in  the  ordinary  way.  In  cutting  sections 
from  tissues  that  liave  been  inibeddei!  in  paraffin  the 
long  axis  of  the  knife  should  be  at  nearly  right  angles 
to  the  direction  in  which  the  knife  travels.  For  bacte- 
riological purposes  the  method  of  imbed<ling  in  jiaruffin 
does  not,  as  a  rule,  give  such  good  results  as  wlicn  the 
celloidin  method  is  employed.  In  this  work,  then-for*', 
the  latter  is  usually  preferred. 
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Staining  the  Sextions. — The  sec^tions  when  cut 
may  be  stained  in  a  variety  of  ways.  The  ordinary 
watery  solutions  of  the  three  common  basic  aniline 
dyes — fuchsin,  gentian-violet,  and  methylene-blue — 
or,  what  is  better,  the  alkaline  methylene-blue  solution 
of  Loffler,  may  be  employed  for  general  use. 

Some  of  the  acid  aniline  dyes,  as  well  as  some  of  the 
vegetable  coloring-matters,  are  essentially  nuclear  stains, 
and  are  not  applicable  to  the  staining  of  bacteria. 

Into  a  watch-glass  containing  either  of  the  staining- 
solutions  mentioned  the  sections  are  to  be  placed  after 
having  been  in  water  for  about  one  minute.  They  re- 
main in  the  staining-solutions  for  from  five  to  eight 
minutes.  They  are  then  removed,  rinsed  in  water,  and 
partly  decolorized  in  0.1  per  cent,  solution  of  acetic  acid 
for  only  a  few  seconds;  again  washed  in  water,  then 
in  absolute  alcohol  for  a  few  seconds,  and  from  this  again 
into  absolute  alcohol  for  the  same  time,  and  finally  into 
cedar-oil  or  xylol.  Here  they  remain  for  from  one-half 
to  three-fourths  of  a  minute.  They  are  now  to  be  evenly 
spread  upon  a  sjmtula,  which  is  held  under  them  in 
the  fluid,  and,  without  draining  off  the  fluid,  are 
transferred  to  a  clean  glass  slide.  This  must  be  done 
carefully  to  avoid  tearing.  The  easiest  way  to  do  this 
is  to  hold  the  si)atula  on  which  the  section  floats  in  one 
hand,  with  its  jwint  just  touching  the  surface  of  tlie 
glass  slide,  and  then  with  a  needle  gently  pull  the 
section  upon  the  slide.  The  fluid  comes  with  it,  and 
the  floating  section  may  l)e  easily  spread  out  into  a  flat 
surface.  The  excess  of  fluid  is  taken  np  with  blot- 
ting-paper, after  which  a  drop  of  xylol-balsiim  is  placed 
upon  the  centre  of  the  section,  which  is  then  covennl  with 
a  thin  clean  cover-slip.  ^  It  is  now  rea<ly  for  examination. 
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Euch  step  ill  the  above  process  1ms  its  definiti-  objecUB 
Ttie  sections  are  plae«tl  in  wiiter  before  Htaining  in  ordoi 
that  the  difTiisioii  of  the  staiDiiig-solutioii  into  the  t\»\ 
sues  may  be  dimuiislied ;  otherwise  our  efifbrts  at  rcndei 
ing  the  Iweti'ria  more  ciinspieiioiia  by  decolorizing  t 
tissues  in  whicji  they  are  locsated  woiiUl  nib  the  bacterii 
of  their  color  as  well. 

The  acetic  acid  and  also  the  alcohol  are  decolorizers. 
They  are  employo<l  to  reduce  the  excess  of  stain  in  the 
tissues,  though  they  also  have  some  decolorizing  action 
vipon  the  bacteria.     The  ce<lar-oil  and  xylol  are  bodies 
which  mix  on  the  one  hand  with  alcohol,  and  on  the 
olher  with  balsiim.      They   are   known  aa   "elearing- 
Auids,"  and  not  only  servo  to  diffcrentiut*  the  compo-j 
nent  parts  of  the  tissne,  but  fill  up  the  gap  that  would  J 
otherwise  be  lett.  in  the  process,  for  u  Heetiou  cannot'J 
be  mounted  in  balsam  directly  front  uh'ohol;  the  two.  1 
bodies  do  not  mix  perfectly.     A  number  of  clearing-  4 
agents  are  in  general  use ;  in  fact,  almost  all  the  essen-^ 
tial  oils  come  under  this  head.     There  is  one — oil  e 
elovoK — which  is  very  commonly  used  in   bistologlcalil 
work ;  but  it  must  utit  be  employed  for  tissues  c 
ing  bacteria.     It  not  only  extracts  too  much  color  fro 
tlie  bacteria,  but  cauwea  them  to  fade  after  the  sections'^ 
have  been  mounted  for  a  time. 

When  the  section  ihus  stained  and  mounted  is  exam- 
iiiwl  microscopitfaliy  it  may  be  found  that  the  tissues  still 
jKiHHCsa  so  much  color  that  the  bacteria  are  not  visible,  in 
which  case  they  have  not  been  decolorized  sufficiently ;  or, 
on  the  other  hand,  both  bacteria  and  tissues  may  have 
]ntrte<l  with  their  stains — then  deeolorizatJon  lia-.  Ik-en 
carrie<i  too  far.  In  either  case  the  fault  mu-t  Ix'  remedied 
in  the  manipulation  of  the  uext  section  to  be  mounted. 
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In  short,  the  steps  in  the  process  of  staining  sections 
in  general  are  these : 

a.  From  alcohol  into  distilled  water  for  one  minute. 

b.  Into  the  staining-fluid  for  from  five  to  eight  min- 
utes. 

c.  Into  water  from  three  to  five  minutes. 

rf.  Into  0.1  per  cent,  acetic  acid  for  about  one-half 
minute. 

e.  Into  absohite  alcohol  for  a  few  seconds. 

/.  Into  absohite  alcohol  again  for  a  few  seconds. 

g.  Xylol  for  about  one-half  minute. 

h.  Removal  with  spatula  or  section-lifter  to  slide. 

i.  Removal  of  excess  of  xylol. 

j.  Mounting  in  xylol-bjilsam. 

The  section  must  be  lift<?d  from  one  vessel  to  the  other 
by  means  of  either  a  curved  needle  or  a  glass  rod  drawn 
out  to  a  fine  end  and  bent  in  the  form  of  a  curve<l  needle. 

By  the  above  process  of  staining,  which  can  be  prac- 
tised as  a  routine  method  for  most  bacteria  in  tissues, 
the  nuclei  of  the  tissue-cells,  as  well  as  the  bacteria,  will 
be  more  or  less  deeply  stained. 

Special  Methods  of  Staining  Bactekia  in 
Tissues. — For  purposes  of  contrast-stains  it  sometimes 
becomes  necessjiry  to  decolorize  completely,  or  nearly 
completely,  the  tissues  and  leave  the  bacteria  unaltered 
in  color.  For  this  purpose  special  methods  depending 
on  the  staining-i>eculiarities  of  the  bacteria  under  con- 
sideration have  been  devised. 

Grain* s  method  trifh  fifmies.  One  of  the  most  com- 
monly employed  differential  stains  is  that  of  Gram. 
In  general,  it  is  practised  in  the  way  given  for  its  em- 
ployment on  cover-slip  preparations,  with  some  slight 
modifications. 
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III  this  metlKtil  the  sci-tions  are  transferred  from 
water  into  a  S4^hitit>n  of  aniline-water  gentian-violet^  as 
prepan*<l  hv  the  Kix*h-Ehrlieh  fomiuhi,  but  whieh  lias 
l>een  (lihit(*<I  with  altout  on(*-thinl  its  volume  of  water. 
In  this  tlio  s<i^tii»ns  n-main  fur  alxuit  ten  minutes,  pref- 
erahly  in  a  warm  phun*,  at  a  temperature  of  about  40°  C. 
Thev  >hi»iihl  nt'ViT,  umliT  anv  i^uulitions,  be  lioilecl. 
From  this  thev  an*  washtxl  ahematelv  in  the  iodine 
S4»hition  an<]  ahtthuK  <NH':isionallv  renew! n^r  the  stained 
with  eh'an  aliMthol.  until  all  c*olor  has  In-en  extraeted 
from  them.  Thev  an*  then  l»n>utrht  for  one  minute  into 
a  (lilutr  wat<Tv  s4»hition  «»f  eosin  or  siifranin,  or  Bis- 
nKirfk-hn»wn,  aipii"  waslu-d  for  a  fi*w  s<»eomls  in 
aleoho],  uDil  final) v  for  «»iie-fonrth  minute  in  al>solute 
al<*ohol.  Kmm  this  tlu'v  an'  tniiisfernMl  to  xvlol  for  a 
hali-niimitr.  Tlio  n'nuiiiiiiii:  strp<  in  the  pnx*ess  are 
the  sanu*  a>  tlioM-  jjivon  in  the  iriiu  ml  metlKnl.  In 
>omr  cases  better  nsiilts  aro  ol»tai!UHl  by  n^versing  the 
st4'ps  in  tlie  ppKH^s  aiiil  Maiiiiiiir  tlu*  luii'ieria  last,  for 
then  the  n-piattd  iler(>lorizinir  artiim  <>f  the  aleohol  on 
till'  l)aeteri:i  is  iliniini-lieil ;  tluis,  plui'e  tiie  Mrlions  fnmi 
ah'oliol  into  eosin,  s;ifninin,  •»r  r>i>inaivk-brown  for  a  fi»w 
ininiit<-,  then  wash  out  in  ."»<>  pt-r  eeiit.  aleohol,  tlien  for 
tVoin  tlirre  ti»  liv<'  minutes  in  the  dihite  aniline-water 
gentian-violet  solution,  then  into  the  i«Mline  bath  ;  after 
three  minutes  wash  out  in  aleohol,  ami,  linally,  for  one- 
fourth  minute  in  al)s«»lute  aleolml,  ami  then  into  the 
xvlol,  from  whieh  tluv  mav  Ik»  mnunted.  S>me  of  the 
i)rtranisms  whi<'h  mav  be  stained  bv  this  nietlnKl  are 
iniciunuH'riis  frfrftr/(  tinsj  harllliift  (h'jt/ifhrrid^  In  will  us  <in~ 
flirnrt'ft^  uu(]  sfnjj/nfhfC(»t'riis  jfi/of/ui's  itui'rus.  It  eaiinot 
be  sueees,-- fully  employe<l  with  the  baeillus  of  typhoid 
fever,  nor  with  tissues  eontainin<^  uilrrortK'rns  f/tm'>rrlifnv. 
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Staining  with  dahlia  and  decolorizing  with  sodium  cav- 
bonaie  soliUion.  Another  method  that  is  not  very  com- 
monly employed,  though  the  results  obtained  by  its  use 
are  in  many  cases  very  satisfactory,  is  to  stain  the  tis- 
sues in  a  strong  watery  solution  of  dahlia  (about  one- 
fourth  saturated)  for  from  ten  to  fifteen  minutes ;  from 
this  they  are  transferred  to  a  2  per  cent,  solution  of 
sodium  or  potassium  carlx>nate,  and  from  this  into  alco- 
hol, alternating  from  the  one  to  the  other  until  the 
sections  are  almost  colorless.  After  the  alcohol  they 
are  rinsed  in  water  and  then  put  into  a  dilute  watery 
solution  of  either  eosin,  Bismarck-brown,  or  siifranin  for 
one  minute,  then  washed  out  in  alcohol,  finally  in  abso- 
lute alcohol,  and  then  in  xylol,  from  which  they  may  be 
mounted  in  the  manner  given. 

EsiXKiially  brilliant  results  are  obtained  when  tissues 
containing  anthrax  bacilli  are  stained  by  this  process ; 
the  bacilli  will  be  of  a  deep-blue  color,  while  the  sur- 
rounding tissues  will  be  of  the  color  uso<l  as  contrast. 

Kuhn^s  carbolic  niethylene-blue  method.  Stain  the 
sections  in  the  following  soluticm  for  from  one-lialf  to 
one  hour : 

Methylcne-blue,  in  substance 1.5  grammes. 

Absolute  alcohol 10    c.c. 

Rub  up  thoroughly  in  a  mortar,  and  when  the  blue 
is  completely  dissolved  add  gradually  100  c.c.  of  a  5 
per  cent,  solution  of  carbolic  acid.  (This  solution  de- 
composes aftxjr  a  short  time ;  it  should  be  made  fresh 
when  needed.)  From  this  the  sections  are  washe<l  in 
water,  then  in  1.5  to  2  per  cent,  hydrochloric  acid  in 
water,  after  which  they  are  transferred  to  a  solution  of 
lithium  carbonate  of  the  strength  of  six  to  eight  drops 
of  a  concentrated  watery  solution  of  the  siilt  to  ten  drops 
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uf  Witter,  and  fmni  this  they  arc  agjiiii  thiin>Mghly  I 
washed  in  water,  then  in  absniiite  aleohol  »)ntaining|J 
enough  niethylene-lilue  iu  substance  t«  give  it  a  toler-l 
ably  dense  color,  tlion  for  a  few  miniit<?s  in  aniline  oS'l 
to  which  a  little  methylene-blue  in  substance  has  beeal 
added,  then  coniplettly  rinsed  out  in  pure  aniline  oil  j 
from  this  they  are  passed  into  thymol  or  oil  of  tur]>cn-l 
tine  for  two  minutes,  and  then  into  xylol,  from  wlitch  J 
they  are  nioimted  in  xylol-balsam.  The  ailvantages  1 
of  tliis  metliod  are  that  it  is  generally  applicable,  and  J 
by  its  ui*e  the  baettiria  are  not  robbed  of  their  color,  I 
wliereas  tlie  tisaiiea  are  sufficiently  decolorized  to  render? 
the  bacteria  visible  and  admit  of  the  use  of  eontrast^'l 
Htains. 

WtigerPs  vwdification  of  Gram's  method  for  «fctiona,M 
Stain  tlie  sections  in  the  Koeh-Elirlich   aniline-wata 
gentian- violet  sohition  for  five  or  six  minntci;  wash  | 
in  water  or  physiological  salt-solution  (O.ti  to  0.7  pet  4 
cent,  solution  of  sodium   ehloride  in  di^illed  water);, 
transfer  tlieni  with  tiie  section-litler  to  the  slide ;  tabel 
up  tlie  excess  of  fluiti  by  gently  pressing  upon  the  flat'] 
seetion  with  blotting-paper;  treat  the  section  with  thftl 
itxline  solution  used  by  tJnim  ;  take  up  the  excess  of  ■ 
the  solution  with  blotting-i>ai>cr ;  cover  the  section  with  f 
aniline  oil — this  not  only  ditl'erentiateB  the  component  I 
parts  of  the  seetiun,  but  dehydrates  as  well ;  wash  out  I 
Uie  aniline  oil  with  xylol,  and  mount  in  the  nsual  way  i 
in  xylol- balsam.     Or,  d^'oloH/ation  with  iodine  may 
bo  omitted,  aud  the  sections,  after  staining  in  the  ani- 
Vine-water  gentian-violet  for  five  or  six   minutes— or 
Vmger,  if  necessary — are  transferred  to  the  slide  without 
btang  washed  in  water  or  salt-eolufion  (or,  if  so,  only 
\m  eVtghlK-  Hiii\  rapidly),  drii'd  as  (■onit>letely  as  [wssi- 


STAINING  TUBERCLE  BACILLI  IN  TISSUES,  193 

ble  with  filter-paper,  and  then  decolorized  with  a  mixt- 
ure of  aniline  oil  (one  part)  and  xylol  (two  parts). 
This  is  the  delicate  part  of  the  process,  and  can  be 
watched  under  a  low  power  of  the  microscoi)c.  When 
decolorization  is  sufficient  (repeated  applications  of  the 
aniline  oil  and  xylol  mixture  are  generally  necessar}^) 
pure  xylol  replaces  the  mixture,  and  the  specimen  is 
finally  mounted  in  xylol-balsam.  Unless  all  the  ani- 
line oil  is  replaced  by  the  xylol  the  specimen  will  not 
keep  well.  In  this  process  the  aniline  oil  is  really  the 
decolorizer,  and  has  the  valuable  property  of  absorbing 
a  certain  amount  of  water,  so  that  dehydration  with 
alcohol  is  avoided.  This  method,  while  it  stains  certain 
bacteria  in  tissu(\s  very  satisfactorily,  is  nevertheless  de- 
signed especially  for  the  staining  of  fibrin.  Fibrin  and 
hyaline  material  will  be  stained  deep  blue ;  bacteria  a 
dark  violet. 

Staining  Tubercle  Bacilli  in  Tissues. — As  in 
the  case  of  cover-slips,  only  those  methods  most  com- 
monly employed  will  be  given. 

The  method  of  Ehrtich.  Stain  the  sections  in  aniline- 
water  fuchsin  or  gentian- violet  for  twenty-four  hours ; 
decolorize  in  20  per  cent,  nitric  acid  for  a  few  seconds 
only — the  color  need  not  be  entirely  extracted  ;  then  in 
70  per  cent,  alcohol  until  no  more  color  can  be  extracted 
by  the  alcohol;  stain  as  contrast-color  in  dilute  watery 
methylenc-blue,  mala(;hitc-green,  or  Bismarck-brown 
solution  ;  wash  out  in  90  per  cent,  alcohol,  then  in  abso- 
lute alcohol  for  a  few  seconds ;  clear  up  in  xylol  and 
mount  in  x viol-balsam. 

Method  of  Zlehl-Xccken,  Stain  the  sections  in  warmed 
carbol-fuchsin  sohition  for  one  hour ;  temperature  to  be 
about  45^  to  50°  C.     Decolorize  for  a  few  seconds  in  5 
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[)cr  c-ciit.  siiliiiiiiri.-  aciii,  tlit-ii  in   70  [kt  .■ciil.  alci.li..l,| 
and  liiim  tliis  un  as  by  the  Elirlicli  m(llii«l. 

Dry  mdkod.     For  tubercle  bat-illi,  as  for  many  otiieij 
organisms  in   tissues,   tlie   following   method   may 
employed  if  only  the  presence  of  oi^uisnis  is  to  1 
d<!t«Gteil  and  tiie  histological  condition  of  the  tissues  il 
a  raatU'r  of  no  consequence :    bring  the  iicctions  fro 
water  upon  a  slide  or  cover-slip,  dry,  fix,  and  stain  b)a 
the  niethodM  for  cover-siip  prepnrationH. 

f ho  if  K  method.  The  method  employed  by  Gray  i 
the  Army  Mt-dieal  Museum,  Washington,  D.  C,  a  dfc 
scription  of  which  is  given  by  Borden,  is  as  folloi 
the  tissnc  to  be  stainetl  should  be  hanlened  preferablja 
in  alcohol,  in  pieces  not  exceeding  1.5  by  1.5  by  1  e 
in  size,  though  tissues  hardened  by  any  other  of  tb( 
regular  methodic  can  l)e  stained.  Alcohol  is  to  bo  ' 
preferred,  however,  as  after  its  use  the  bacilli  stain 
more  quickly  and  brilliantly  than  when  one  of  tlie 
other  liardening  Hnids — Mullei's,  for  ini-tance— 
ployed. 

After  the  tissue  ha;*  been  hardened  it  is  inil>edded  ti 
paraffin  and  cut  in  the  usual  manner.  The  sections' 
arc  then  cemented  to  the  slides  with  a  filtered  J  per  c 
solution  of  gold-label  gelatin,  to  which  is  added  chloral 
hydrate  in  the  proportion  of  1  per  cent.,  as  a  preservative. 
Several  drops  of  this  are  placed  on  each  slide,  a  section 
laid  on  top,  and  the  slides  placed  in  a  warmiug-ov«n 
kept  at  a  tomjieniturf  slightly  bchtv  the  melting-point 
of  the  [Kimffin.  In  about  five  minutes  all  wrinkles  will 
have  l>eeri  taken  out  of  the  sections,  which  will  lie  per- 
fectly flat  and  muooth  on  the  surface  of  the  gelatin  stdu- 
tion.  The  tilideu  am  then  remove*!  from  the  oven  and 
the  surplus  Huid  poured  from  theui,  thus  bringing  the 
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sections  in  contact  with  their  surface,  after  which  they 
are  set  aside  in  a  place  protected  fn)m  dust,  to  remain 
until  the  sections  are  firmly  cementetl  to  them  hy  the 
drying  of  the  gelatin  solution.  The  drying  may  be 
hastened  by  keeping  the  slides  in  an  oven  below  the 
melting-point  of  the  paraffin ;  but  it  is  best  to  set  the 
slides  aside  until  the  next  day,  when  the  sections  will 
be  found  to  be  perfectly  cemented  to  th(»m.  The  par- 
affin is  then  removed  from  the  sections  by  turpentine, 
the  turpentine  by  absolute  alcohol,  the  absolute  alcohol 
by  50  per  cent,  alcohol,  and  this  by  water,  after  which 
the  slides  are  placed  for  five  minutes  in  a  5  per  cent, 
aqueous  solution  of  potassium  bichromate.  This  ren- 
ders the  gelatin  insoluble  and  prevents  the  sections 
leaving  the  slides  during  their  necessarily  more  or  less 
prolonged  immersion  in  the  fuchsin  stain.  The  ]X)tas- 
sium  bichromate  is  washed  out  with  water,  and  the  slides 
are  then  placed  in  a  fuclisin  stain,  which  is  prepared  as 
follows : 

Fuchsin 1.5  grammes. 

AbiM>lute  alcohol 14    c.c. 

Carbolic  acid  crystals  (pure) 6   grammes. 

•     Water 1()0    c.c. 

Dissolve  the  fuchsin  in  the  alcohol  and  the  carbolic 
acid  in  the  water.  Mix  the  two  solutions  and  let  stand 
for  twelve  hours,  with  occasional  sliaking  or  stirring ; 
then  filter. 

The  length  of  time  that  the  slide  remains  in  this  solu- 
tion varies  with  circumstances.  Tubercle  bacilli  stain 
very  quickly  ;  in  tissues  projHjrly  hardened  in  alcohol 
five  minutes  are  generally  sufficient  to  stain  them  deeply. 

Prolong(^d  immersion  in  the  fuchsin  does  no  harm 
and  insures  certainty  of  results.     After  a  section  lias 
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Ix>oii  in  the  wljiiii  a  Miffiripiit  Ifiiglli  of  time-  it,  with  thei 
slide  to  whicli  it  is  ccmoiitwl,  is  wasfitHl  in  water  until 
the  surplus  stain  is  ronwvrd  ;  it  is  then  snhjeetetl  to  the 
action  of  a  combined  decolorizer  and  contrast-stain  made 
33  fiillowti: 

Mothyl-blue 2.25  Kramnies 

AlnoUitu  slcuhol 30      c.u. 

Sulphurii:  aclil     - 12 

Wit«r  Wiliinicd)         100       " 

DisBolvc  tiie  methyl-blue  in  the  alcohol,  add  the  acidi 
to  the  water,  mix  the  two  solutions,  and  let  stand,  withjl 
occasional  shaking,  for  twelve  liours ;  then  filter. 

This  solution  is  allowed  to  act  npon  the  tissue  for  a 
few  seconds,  and  as  soon  as  the  blue  color  predominates 
over  the  red,  as  seen  by  transniitt<!d  light,  the  section  is 
immediately  waslied  in  water.     Generally  the  red  color 
reappears,  and  the  section  must  be  again  subjected  to 
the  action  of  the  blue  solntion  and  again  washed  in 
water.     This  must  be  rejieated  until  the  blue  almost^ 
if  not  quite  completely  and  permaneully,  replaces  the  1 
red  stain.     This  is  the  most  important  part  of  the  proo- j 
ess,  and  entirely  satisfactory  results  are  only  obtaiuedfl 
after  some  practice.     The  teudeuey  is   usually  not  to] 
replare  stiHiciently  the  fuchsin  with  tlie  methyl-blue^l 
and  in  consequence  the  red  color  of  the  bacilli  is  maaket' 
by  the  red  of  the  surrounding  tissues.     Unless  all  acidl'J 
is  thoroughly  removed  by  the  final  washing  in  water] 
tlie  stain  is  n<it  permanent.     The  section  is  then  com-  1 
pictely  dehydrated  with  al)solute  alcohol,  after  taking   I 
up  the  excess  of  water  on  the  slide  with  blotting-paper. 
The  alcohol  is  followed  t»y  turpentine,  and  the  process 
is  completed  by  mounting  in  xylol-balsam. 
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In  case  it  is  desired  to  stain  sections  cut  by  tlie  freez- 
ing  method,  they  are  placc<l  upon  a  slide  on  wliich  a 
few  drops  of  the  gelatin  fixative  have  been  phicod,  and 
after  about  five  minutes,  during  whicli  the  fixative  will 
have  penetrated  the  section,  the  surplus  is  |K)urcHl  from 
beneath  the  section.  The  slides  are  then  set  aside  for 
the  gelatin  to  harden  by  drying,  and  after  drying  they 
are  placed  in  bichmmate  fluid  to  render  the  gelatin 
insoluble.  They  are  then  manipulated  in  exactly  the 
same  manner  as  the  sections  cut  by  the  paraffin  metho<l. 

This  method  gives  equally  asgocxl  results  with  tissues 
containing  the  lepra  bacillus  as  with  those  containing 
tubercle  bacilli. 


niAl'TEK   XI. 


Wfi^i0smMl%t,  tiUa4j  'A  ao  c«]EkZii«i& — P'muu  to  be  eonadend  is 


AiriKii  ii-/Jatjri;r  an  oi^oLrm  hr  the  plate  method 
/y/ri-i'hrmbl^f  %ork  is  fKi#.-*r??r»ar\-  in  onler  to  establish  it« 
id'rfititv  ;!•  a  flcfjnit^r  h|Mr*.-i<r?i.  It  nnM  pr»«?e>s  certain 
ffioqiliol'f^i^'al  and  ''ijltiiral  |M.^uliariti<-^,  whiHi  niu>t  be 
f'jfftnUiut  tiutU'T  ^'on-tant  c'^^nJition.*.  It**  f«»nii  at  dif- 
ft'n-nt  hiH'jt'fi  inu-t  alwavn  Jk;  the  ranie.  Its  abilitv  or 
inability  tn  jirMlij/-^-  -ji'^n-.  niii*t  n'»t  van*  imhW  Hiitablo 
#'/;nditiori-.  It-  ^rrr^wtli  ii|K»ri  <lit!V'n-nt  nx-^lia  under 
lutti^iiitii  con'lition-  of  t^*iiijK*nitiire  an<l  reaction  niu.st 
alway-  j;n-r^iit  tli**  sifiir*  oiitwanl  apjH-jininces.  The 
rhanjr'-  broii^lit  about  liv  it  in  tin*  n*a<*ti<»n  of  the 
nM'<lia  in  whi^-li  it  i-  <rro\vin^  nin.-t  follow  a  fixe<l  rule. 
Uh  |K»Nv<r  to  |inKjijce  li<|iiifartion  of  tlic*  jr^'latin,  or  to 
^row  ii)KHi  it  without  briii;ring  alxiut  this  change*,  must 
alwav-  Im-  tlii;  same.  Its  motih'tv  or  nr>n-niotih*tv, 
and,  if  niotilc,  the  approximate  ninnhcr  and  {>osition  of 
itrt  oi'gaiiH  of  l<Hrr)niotion,  must  he  <h'tcrmino(l.  Its  pro- 
duction of  eirtain  mctaholir  pfoihict- must  he  (stahlisliod 
hv  cliemieni  aualvsis.  It-  heliavior  toward  oxvjrcn — 
/.  /'.,  Does  if  rcijuin?  tliis  pis  for  its  growth  ?  Is  this  gas 
an  indillerenf  faetor?or,  By  its  |)resence  are  tlie  life- 
pnM'csses  of  the  orgnnism  checke<l  ? — must  he  (h^cided. 
its  heliavior  under  varying  conditions  of  temperature 
ntnl  under  the  inlluenee  of  dilferent  chemical  bodies,  as 
Wi'll  as  itn  growth  in  mecHa  of  different  reactions,  is 
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to  Ik.-  stiidic*!.  The  property  uf  produciDg  femicntatioa 
witli  the  liberation  of  gascg,  and  thu  character  and  quan- 
titative nlatton^i  of  thtrsv  gaaes,  mut>t  be  a^ertained.  If 
it  pnxlun^  pigmeiit,  what  arc  tlie  conditionii  favorable 
and  iin&vombk-  to  this  function.  And,  lastly,  wt-  niunt 
consider  its  Whavinr  when  introduced  into  the  bodies 
of  animals  used  for  exjieri mental  work — i.  e,.  Is  it  a 
dijM!ai>e-prodiiciiig  organism,  or  doee  it  belong  to  the 
group  of  iosoccnt  saprophytes? 

We  have  leamctl  the  methods  of  obtaining  colonies, 
and  have  acquainted  ourselves  with  some  of  the  pecu- 
liarities by  which  they  are  di^tingu itched  from  one 
another.  The  next  imgwrtaut  stejc  are  to  determine  the 
morphuhigy  of  the  individuals  composing  these  colonics, 
as  well  &K  their  relation  to  each  otiier  in  the  colony. 
Those  point?  are  decided  by  microMcopic  examination  of 
bits  of  the  colony,  which  are  transferred  to  thin  glass 
cover-slips,  upon  which  they  are  dried,  stained,  and 
mounted.  Cover-slips  for  this  purpose  are  prepared  in 
two  ways :  either  by  taking  up  a  bit  of  the  colony  on  a 
pladnum  needle,  smearing  it  upon  a  cover-slip,  staining 
it,  and  examining  it — by  which  only  the  morphology  of 
tlie  individual  bacteria  can  be  made  out — or  by  the 
metltod  of  "impression  cover-slip  preparations,"  by 
which  not  only  the  morphol<^y,  hut  also  the  relation  of 
the  organisms  in  the  colony  to  one  another  can  be  deter- 
mined. The  detadfl  of  these  methods  will  be  found  in 
the  chapter  on  the  Methods  of  Staining. 

MiCROSConir  examination  of  preparations. 

Thb  Difff:rent  Parts  of  thr  Microscope, — 

Before  describing  the  method  of  examining  prepara- 

ticms  micnweopically,  a  few  definitions   of  the   terms 
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zienres  to  magnify  the  imagt^  projci^toil  timuigli  tlio  ol>- 
jective. 

The  objedirt  (b)  is  the  lens  whirli  is  at  tlio  distal 
end  of  the  barrel  of  the  in>tn]iiiont,  ami  wliit'li  >rrvrs 
to  magnity  the  object  to  be  exainiiUHl. 

Thedageyf^)  is  the  shelf  or  platform  oi*  tlu'  mirnt- 
scope  on  whieh  the  object  to  be  examiiuHl  n^sts. 

The  dhphraffms  are  the  perfonUtnl  sto|)s  that  lit  in 
the  centre  of  the  stage.  They  vary  in  si/t»,  s<»  that  tlil*- 
ferent  amounts  of  light  may  Ih^  admitted  to  the  oW\vv\ 
by  using  diaphragms  with  larger  or  smaller  o|M'nings, 

The"irM"  diaphroffm  (lO  o|H•n^  ami  eK»ses  likt»  the 
iris  of  the  eye.  It  is  so  arran«j:iHl  that  its  opening  tor 
admission  of  light  can  Ih^  ineri^ased  or  (limini>he(l  hv 
moving  a  small  lever  in  one  or  anotlier  direetioii. 

The  reflector  (e)  is  the  mirn»r  platHnl  IxMieatli  the 
stage,  which  ser\'e3  to  illuminate  the  ohjeet  io  he  I'xam- 
ined. 

The  coarse  adjusfmeut  (f)  is  tlie  nu*l\-aml-pinion  ar- 
rangement by  which  the  barrel  of  the  nHen»si't>|H»  ean 
be  quickly  raised  or  lowered. 

The  fine  a(ljui<fmcnf  (a)  serves  to  raise  and  h>w<T  the 
barrel  of  the  instrument  ver\'  slowlv  and  *rr;uluallv. 

For  the  microseopie  study  of  bacteria  it  is  essential 
that  the  niicn)scope  be  provided  with  an  oil~immersi(Mi 
system  and  a  sul>-stage  ccmdensing  aj>{Kinitus. 

The  oil -immersion  or  hotnor/rnnnis  st/sfrm  consists  of 
anobje<*tive  so  construet(»<l  that  it  can  only  he  use<I  when 
the  transparent  media  throuj^li  wliieh  the  liirht  passes  in 
enti'rin^  it  are  all  of  the  same  inch*x  of  refraction — /.  r., 
an*  hf/mftfft'iif'oiiH.  This  is  aecinnplished  by  int<T]X)sinjr 
lM»tween  the  Wwv  of  tin*  h-n-;  and  the  ciiver-slip  covering 
the  object  to  Ik*  cxariiiiH-d  a  IwHiy  whieli  refracts  the 
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li^rlit  ill  tliR  same  way  as  do  tlie  glass  bIkIc,  tlie  eiiviT- 
Hliji,  uihI  the  glass  of  wliicli  the  objective  is  mucli-.  Yi\t 
this  pitrpos*',  a  drop  of  oil  of  tijc  same  index  of  refrao- 
tion  afi  the  glass  is  placod  ii|wn  the  face  of  tlie  lens, 
and  the  exatuiiiHtioiiR  an;  made  through  this  oil.  There 
is  tliuft  little  or  no  loss  of  light  from  deflection,  as  ie  the 
uase  in  the  dry  system. 

The  mJfstoffe  coiideiwing  apparahis  (h)  is  a  system 
of  lensf's  Hitiiat«d  beneatli  the  ceutnil  oiH-niiig  of  the 
stage.  They  stTve  t^i  condense  the  light  passing  from 
the  n-fleetor  to  tlic  object  in  such  a  way  that  it  is 
foi-iij'scd  iijMjn  the  object,  thus  furnishing  the  greatest 
ntiiount  of  illnniiniLtioD.  Between  the  condenser  and 
rtfleetor  is  phuied  the  "  iris "  diaphragm,  tlie  aperture 
of  which  can  be  regulated,  as  cireiimstunees  require,  to 
permit  of  either  a  very  small  or  a  verj'  large  amount  of 
light  f>assint;  to  the  object. 

The  noxf-piecf  (i)  consists  of  a  collar,  or  group  of 
collars  joined  together  (two  or  more),  that  is  attached  to 
the  di«tal  end  of  the  tulie  of  the  microseope.  It  enables 
one  lo  attach  several  objectives  to  the  instniment  m 
Kuoti  a  way  tliat  by  simply  rotating  the  nose-piece  the 
various  lenses  of  different  power  may  Imi  conveniently 
UHed  in  succession. 

Mu'it'iw*'!'"'  Examination  op  Covrr-slips. — The 
stained  cover-slip  is  to  Iw  examined  with  the  oil-iniraer- 
iti(Ui  objc^etive,  and  with  the  diaphmgm  of  the  snb-stage 
eondensing  apjKiratus  opeji  to  its  full  extent.  The  object 
gained  by  allowing  the  light  to  enter  in  such  a  lai^  vol- 
luue  is  that  the  contnist  produced  by  the  colored  bacteria 
iu  the  hriRlitly  illuminate<l  field  is  much  more  eimspieu- 
ou»  than  whi-n  a  smaller  anionnt  of  light  is  throwTi  n[)on 
Vh^-m.    TliU  is  true  not  only   for  stained  bacteria  on 
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cover-slips,  but  likewise  for  their  differentiation  from 
surrounding  objects  when  they  are  h>(^at<Ml  in  tissues. 
With  umiained  bacteria  and  tissues,  on  tlie  contrary,  the 
structure  can  best  be  made  out  by  re(hicing  the  bundle 
of  light-rays  to  the  snuillest  amount  c()m|>atible  with 
distinct  vision,  and  in  this  way  favoring,  not  color-<*on- 
iraMy  but  contrasts  which  ap|K»ar  as  lighis  and  nhd/towx^ 
due  to  the  differences  in  permeability  to  light  of  the 
various  parts  of  the  material  under  examination. 

Steps  in  Examixing  Stained  Preparations 
WITH  THE  Oil-immersion  System. — Place  upon  the 
centre  of  the  cover-slip  which  covers  the  pre|)arati(m  a 
small  drop  of  immersion  oil.  Place  the  slide  upon  the 
centre  of  the  stage  of  the  microscope.  With  the  coarse 
adjustment  lower  the  oil-immersion  ol)j(»ctive  until  it 
jiid  toHchrs  the  drop  of  oil.  Open  the  illuminating 
apparatus  to  its  full  extent.  Then,  with  the  eye  to  the 
ocular  and  the  hand  on  the  fine  adjustment,  turn  the 
adjusting-screw  toward  fh/'  right  until  the  field  becomes 
somewhat  colored  in  appearance.  When  this  is  s(»en 
proceed  more  slowly  in  the  same  din^^tion,  and,  after 
one  or  two  turns,  the  object  will  l)e  in  focus.  Do  not 
remove  the  eye  from  the  hidrum4*nt  until  this  has  been 
accomplished. 

Then,  with  one  han<l  upon  the  fine  adjustment  and 
the  thumb  and  index  finger  of  the  other  hand  hold- 
ing the  slide  lightly  by  its  end,  it  may  bo  moved  about 
under  the  objective.  At  the  same  time  the  s(T(»w 
of  the  fine  adjustment  must  be  turned  back  and  forth, 
so  that  the  different  planes  of  the  preparation  may  be 
brought  into  focus  one  after  the  other.  In  this  way  the 
whole  section  or  preparation  may  be  inspected.  When 
the  examination  is  finished  raise  the  objective  from  the 
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preparatioTi  by  turning  the  scruw  iif  the  coame.  adju! 
ment  totnint  ymt.     Remove  the  |irc'parutioii  from  thi 
stage,  and,  with  a  fine  silk  ehith  or  handken!)iief,  t 
wry  gcniiy  anil  cfwefuUi/  the  oii  from  the  face  of  the  lei 
The  lens  is  then  tmscrewed  from  the  microscope  andV 
placed  in  the  case  intended  ibr  its  reception. 

During  work,  of  («)urse,  the  lens  need  not  be  cleaned  I 
and  put  away  afler  eacli  examination ;  biit  when  thvfl 
work  for  the  day  is  over  an  immersion  lon.s  mustf 
always  be  pniteeti-d  in  this  way.  Under  no  eircnm-'' 
stances  uhonld  it  lie  allowed  to  remain  in  the  immersicm] 
oil  or  exposed  to  dust  for  any  length  of  time. 

KXAMISATION      OF    USSTAINEI)    PREPARATIONS.- 

"  Hanging  drops."     It  frequently  becomes  necessary  tqM 
examine  bacteria  in  the  unstained  condition.     The  cir'J 
cumstances  calling  for  this  arise  while   studying 
multiplication  of  cells,  the  germination  of  spores,  I 
formation  of  spores,  and  the  absence  or  pi-esenoe  i 
motility. 

In  this  method  the  organisms  to  be  studied  are  flus- 
pended  in  a  dmp  of  physiological  salt-solution  or  bou- 
illon in  the  centre  of  a  cover-slip.  This  is  then  placed, 
drop  down,  upon  a  slide  in  the  centre  of  which  a  hollow 
or  depression  is  ground  (Fig.  3S).     The  slip  is  held  in 
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by  a  thin  layer  of  vasclin,  which  may  be 
anmnd  the  mai^tns  of  ihc  dopn'ssion.  Tliis 
rp»evnils  the  slip  changing  its  position  during 
m6m,  bat  »lfto  prevonti  drying  by  evaporation 
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if  the  preparation  is  to  l)e  obser\*ed  for  any  lengtli 
of  time.  Tliis  is  known  as  the  "  hanging-drop " 
method  of  examination  or  cultivation.  It  is  indispt»n- 
sable  for  the  purposes  mentiondl^  and  at  tho  ssinie  time 
requires  considerable  care  in  its  manipulation.  The 
fluid  is  so  transparent  that  the  cover-slip  is  often  broken 
by  the  objective  being  brought  down  u|)on  tlie  prepara- 
tion before  one  is  aware  that  the  focal  distance  has  been 
reached.  This  may  be  avoided  by  grasping  the  slide 
with  the  left  hand  and  moving  it  back  and  forth  under 
the  objective  as  it  is  movwl  toward  the  object.  As  soon 
as  the  least  pressure  is  felt  u|K)n  the  slide  the  obj(»ctive 
must  be  raised^  otherwise*  the  cover-slip  will  be  broken 
and  the  lens  may  be  rendered  worthless. 

A  safer  plan  is  to  bring  the  cdr/e  of  the  drop  into  the 
centre  of  the  field  with  one  of  the  higher  iK)wer  dry 
lenses.  When  this  is  accomplished  substitute  the  im- 
mersion for  the  dry  system,  when  the  edge  of  the  drop 
is  readily  detectetl  with  the  higher  power  lens  some- 
where near  the  centre  of  the  field. 

In  examining  bacteria  by  this  niethcKl  there  is  a  pos- 
sibility of  error  that  must  be  guarded  agjiinst.  All 
microscopic  insoluble  particles  in  suspension  in  fluids 
])ossess  a  peculiar  tremor  or  vibratory  motion,  the  so- 
called  "  Brownian  motion."  This  is  very  apt  to  give 
the  impression  that  the  organisms  under  examination 
are  motile^  when  in  truth  they  are  not  so,  their  move- 
ment in  the  fluid  being  only  this  molecular  tremor. 

The  difference  between  the  motion  of  hcxlies  under- 
going this  molecular  tremor  and  that  ])oss(*sse(l  by  cer- 
tain living  bacteria  is  that  the  former  particles  never 
move  from  their  place  in  the  fiel<I,  while  living  bac- 
teria alter  their  position  in  relation  to  the  surround- 
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ing  orgauisius,  and  may  liurt  tVoni  nnf  [josil.imi  in  thtfl 
field  to  another.     In  some  t^asos  tiie  true  nuivcmfnt  of.p 
bacteria  ia  vory  tilow  and  nudulating,  while  in  others  in 
18  rapid  and  <larting.     Tlie  molecular  tR'mor  may  \ 
seen  with  tiou-niotile  and  with  dead  organisms. 


Note, — Prepare  three  Iianging-drop  preparations- 
iine  from  a  drop  of  dihite  ludia-ink,  a  second  from  i 
eiilture  of  micrococci,  and  a  third  from  a  culture  of  t 
lucilliiti  of  typlioid  fever.    In  wliat  way  do  they  difier^V 

Study   of  Spore-formation. — The  haiiging-dro 
method  juiit  mentioned  is  not  only  employed  for  det« 
ing  the  motility  of  an  organism,  but  also  for  the  utudjl) 
of  its  mtxle  of  spore-formation . 

Since  with  aerobic  organisms  spore-formation  occutb,! 
a^  a  rule,  only  in  the  prestmce  of  oxygen,  and  is  induced 
more  by  limitation  of  the  nutrition  of  the  organisms 
than  by  any  other  factor,  it  is  essential  that  these  two 
jKtintM  should  be  borne  in  mind  in  prejiaring  the  drop- 
cultun'H  in  which  tlie  process  is  to  be  studied.  For  this 
n'AHon  the  drop  nf  bouillon  should  be  small  and  the 
iiir-cimmber  relatively  large. 

Tlic  cover-slip  and  hollow^round  slide  i^honld  be 
eun-fidly  sttTiliziHl,  and  with  a  sterilized  platinnm  loop 
II  vvvy  Himdl  ilnip  of  bouillon  is  placed  in  tlic  centre 
(if  Ihe  cover-wli|).  The  slip  is  tlicn  inverted  over 
llii-  liolliiw  dt'preH:«ion  in  the  sterilized  ol)ject-glass  and 
•ii'iilid  with  vaselin.  The  most  convenient  method  of 
luirriiniiiiig  thin  last  step  in  the  process  is  to  jNunt  a 
I'inK  of  vuMcIin  aronml  the  edgcH  of  the  holluw  in  the 
■liili',  HUil  thcu,  without  taking  the  cover-slip  friim  the 
tutdc  upon  whiuh  it  rests,  invert  the  hollow  over  the 
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drop  and  press  it  gently  down  u[mn  tin*  cover-slip.  Tlu» 
vaselin  causes  the  slip  to  tullien'  to  tiie  slide,  so  that  it 
can  be  easily  taken  up.  Tlir  drop  now  lian<^s  in  tlir 
centre  of  the  sniall  air-tight  rhainlxT  which  exists  Iw- 
tween  the  depression  in  the  slide  and  the  cover-slip. 
(See  Fig.  38.) 

A  very  thin  dn)p  of  sterilized  agJir-aj^Jtr  may  he  suh- 
stituted  for  the  bouillon.  It  serves  to  retain  th<'  or^^an- 
isms  in  a  fixed  position,  and  the  pr<M*ess  may  he  moi^e 
easily  followed. 

As  soon  as  finishe<l  the  preparation  is  to  he  examined 
microscopically  and  the  condition  of  the  or<;:anisms 
noted.  It  is  then  to  l>e  n^taincKl  in  a  warm  eliamher 
especially  devised  for  the  purpose,  and  kept  under  eon- 
tinuous  observation.  The  form  of  chamber  best  adapted 
to  the  pur[X)se  is  one  which  envelops  th(»  whole  micro- 
scope. It  is  provided  with  a  window  throu;^h  which 
the  light  enters,  and  an  arrangement  by  which  the  sli<l(» 
may  be  moved  from  the  outside.  The  formation  of 
spores  requin»s  a  much  lon^rcr  time  than  tlie  «r<'rmina- 
tion  of  sjK)res  into  bacilli,  but  with  patience  both  pnu'- 
esses  may  be  satisfactorily  obsiTved. 

It  will  be  noticed  that  the  descri])tion  of  this  process 
is  V(»ry  much  like  that  which  immediately  ])recedes,  but 
differs  from  it  in  one  resi)ect,  viz.,  that  in  this  manipu- 
lation we  are  not  making  a  j>repanition  which  is  simply 
to  be  (examined  and  then  thrown  aside,  l)ut  it  is  an 
actual  ])ure  (udture,  and  must  be  kept  as  such,  otherwis<? 
the  observation  will  l)e  worthless.  For  this  reason  tli(» 
greatest  care  must  b(»  ol)serv(?d  in  the  sterilization  of 
all  obj(»cts  employed.  Studies  upcm  spore- format  ion  by 
this  method  fnrcjueutiv  eontimH'  (»ver  hours,  au<l  some- 
times days,  and  <*ontjiminntion  must,  tiiereibre,  l)e  care- 
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fully  giiiiiikd  agiiiiist.    The  study  should  lie  begun  witli .  1 
the  viiget;itive  furui  of  the  orgsiiiisnis ;  the  hanging-drop  I 
preparation  should,   for   this  reason,  ahvays  be  made  1 
from  a  [)erfect]y  fresh  cidturc  of  the  orgauism  under  j 
cousidenttiou  before  time  lias  t-lapsed  for  spores  to  form,  j 
The  simple  detection  of  the  presence  or  absence  of  f 
spore-formation  can  in  many  cases  be  made  by  other  1 
metliods.     For  example,  many  species  of  bacteria  whioh  | 
possess  this  property  forui  spores  most  readily  upon 
media  from  which  it  is  somewhat  diffieult  for  them  to 
obtain  the  neeeHMiry  nourishment  ;pctatoeiJ  and  agar-agar 
that  have  become  a  little  dry  offer  verj'  favomble  coii- 
ditioDB,  because  of  the  limile<l  area  from  which  the 
growing  bactei-ia  can  draw  their  nutritive  supplies,  a 
because  of  the  free  access  which  they  have  to  oxygen, 
for,  their  growth  being  on  the  surface,  tliey  are  sur-  J 
rounded  by  this  gas  unless  nicaDK  are  taken  to  prevent  \ 
it.     By  the  hanging-drop  method,  however,  more  than  | 
this  specific  property  may  be  determined.    It  is  possible 
not  only  to  detect  the  slagcH  and  s(ei»8  in  the  formation 
of  endogenous  spores,  but  when   the  si>ores  are  com- 
pletely formwl  their  piermination  into  mature  rods  may 
be  seen  by  transferring  them  Ut  a  fn-sli  bonilloiwlrop 
or  drop  of  agar-agar  preserved  in  the  same  way.     The 
word  roils  is  used  because  we  have  as  yet  no  evidence  % 
tliat  endogi'uous  Ajwre-formation  occurs  in  any  of  the  j 
othtr  morphological  groups  of  bnctcria, 
_  BlCDY  OP  Gelatin  CLM.Trni'S. — As  has  been  pre- 
riy  sttted,  the  iMrhavior  "f  bacteria  towartl  gelatin 
me  of  them  prtMlucing  apparently  no  altera- 
IMB  m  the  medium,   wiiiie  the  growth  of  others  is 
^nnMsM  l>v  an   enzyniotic  action   that  results  in 
imi^mm  «f  die  gelatin  at  and  umutid  the  place  at 
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which  the  colonies  are  growing.  In  some  instances 
this  liquefaction  spreads  laterally  and  downward,  caus- 
ing a  saucer-shaped  excavation  ;  while  in  others  the 
colony  sinks  almost  vertically  into  the  gelatin  and  may 
be  seen  lying  at  the  bottom  of  a  funnel-shaped  depres- 
sion. These  diiferences  are  constantly  employ(»d  as 
one  of  the  means  of  differentiating  otherwise  elosi'ly 
allied  members  of  the  same  family  of  bacteria.  (See 
Fig.  34.)  Studies  U{x>n  the  spirillum  of  Asiatic 
cholera  and  a  numl)er  of  closely  allied  s[)ecies,  for 
example,  reveal  decided  diiferences  in  the  form  of 
liquefaiction  produced  by  these  various  organisms. 
The  minutest  detail  in  this  respect  nuist  be  noted,  and 
its  frequency  or  constancy  under  varying  ctmditions 
determined. 

Cultures  on  Potato. — A  verj-  important  feature 
in  the  study  of  an  organism  is  its  growth  on  sterilized 
potato.  Many  organisms  present  appearances  under 
this  method  of  cultivation  which  alone  can  almost  be 
considered  characteristic.  In  some  cases  coarselv  lob- 
ulatedy  elevated,  dry  or  moist  patches  of  d(*velo[)inent 
occur  after  a  few  hours ;  agsiin,  the  growth  may  be  finely 
granular  and  but  slightly  elevated  above  the  Surface  of 
the  potato ;  at  one  time  it  will  be  dry  and  dull  in  ap- 
pearance, again  it  may  be  moist  and  glistening.  Some- 
times bubbles,  due  to  the  fermentative  action  of  the 
growing  bacteria  on  the  carbohydrates  of  the  ]K)tato, 
are  produced. 

A  most  striking  form  ofch^velopnient  on  potiito  is  that 
often  exhibited  bv  the  bjieillus  of  typhoid  fever  and  the 
bacillus  of  diphtheria.  After  inoculation  of  a  i)otato 
kvith  either  oi'  these  or^misins  there  is  usually  no  naked- 
eye  cvid(jn(!(;  oi'  growth,  though  iiii<;ros('opic  examina- 
11 
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licni  (if  scrapiiigfi  fnjiii  tlu'  surface  of  tlic  jKitato  rev 
an  active  miiltiplii'atiun  of  tlio  orgaiii^niiS  which  had>S 
Ixfii  plantccl  therp.  The  pittuto  is  one  of  the  most  im-r 
{Hirtuiit  <lifien?iitl:il  uKtliu  tiiut  Wf  possess  for  this  work.  | 

llANfiBH   IN   THE   REAirTlON   <IF  MEDIA  AH  A    RFM't.T  | 
OV   BACTKRIAI.   ACTIVITV, 
For  purjxiscs  of  iliflcrentiatinn,  miicli  .stress  is  laidrl 
upon  tlie  reaction  aAsiirue<I  bv  media  us  a  result  of  bao*'! 
l4Tiul  growth,     Umlor  tiie  ioftiieiice  of  oertnin  specii-Sil 
till-  mtxliiim  will  become  aeid,  under  that  of  others  it  i 
iilkuline,  wliilc   some   i'»iise   little  or  no   clian^.      ^nfl 
mwlia  of  partieuhir  composition — i.  c,  those  coiitaiiiitigl 
tntnm  of  ferniciitiible   carbohydrate*,  notably  muselerfl 
Niif^r,  us  seen  in  infusions  of  fresh  meat — the  reaotioaT 
may  In't'otiie  a<u(l  with  the  beginning  of  growth  andl 
HiilMeqnently  change  to   alkaline   after  tlie  supply  of  I 
fermentable  sugar  in  cxhiuisted.     These  changes  of  rcju!-  ^ 
tion  an'  most  conveniently  ob9or\'ed  througli  the  use  of 
intlioitorH — bixliea  that  either  lose  or  change  their  nsnal 
eolor  afl  the  reaction  of  the  medium  (o  which  they  are 
iiddi-d  rhanges. 

Sncli  hiilwtancew  as  litmus,  In  the  form  nf  the  so-called 
"liliniiH  tincture,"  and  coralline  (rosoHe  acid)  in  alen- 
holie  whhition,  are  eoramouly  employed  f')r  this  pnrpose. 
Till  V  niav  l>f  addinl  bt  the  media  in  the  proportions 
givm  in  Ihe  ehnptiT  on  Mclin,  and  the  changes  in  their 
colom  Klllilii'<l  with  ilitlerent  kicteria.  Milk  and  litmus 
lilietnre  or  peplmie  Holution  to  which  msolie  acid  has 
Wvn  ihKW  are  cxwllent  mcilia  for  this  experiment. 

Aniusr  Dyes  foii  Dikkerkntial  IliAfiNftnis. — 
TV  RtMillon  to  solid  mwlia  of  some  of  the  aniline 
i\y»»,   l\i.-\(.in.   <nothylciii-bhic,    niethylene-green,   and 
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several  others,  as  well  as  combinations  of  those  dvi»s, 
has  been  recomraemle<l  as  a  means  of  diflert^ntijition  of 
bacteria.  The  clianges  that  ocinn*  as  a  n^ult  of  iKiclorial 
growth  in  mtnlia  so  tn^ittnl  consist  of  ahenitions  in  the 
color  of  the  media  duo  to  the  oxidizinj^j  or  nnhioin^ 
projx^rties  of  the  gn)wing  l)actoria.  It  is  doubtful  if 
this  is,  in  general,  an  imjK>rtant  difloriMitial  luotluMi ;  nt 
all  events,  it  has  l)oen  pretty  well  al)andou(»d  attor  hav- 
ing enjoyed  at  one  time  some  dogroi>  of  j)opularity. 

Behavior  toward  STAiNrxcj-REACKNTs. — The  Ih»- 
havior  of  certain  bacteria   toward   the*  diflrri'nt   dvos 

ft 

and  their  reactions  under  sjurial  motliods  of  attor- 
treatment  aid  matoriallv  in  their  idontifioatitui.  With 
very  few  exceptions  bacteria  stain  readily  with  tin*  com- 
mon aniline  dyes;  but  they  differ  marko<lly  in  the  U^ 
nacitv  with  which  thev  retain  these  colors  under  the 
subsequent  treatment  with  dccolorizing-agcuts. 

The  tubercle  bacillus  and  the  bacillus  of  leprosy,  for 
example,  are  difficult  to  stain  ;  but  when  once  stained 
they  retain  their  color  inider  the  action  of  siK'h  energetic 
decolorizing-agcnts  as  alcohol,  nitric  acid,  oxalic  aeiil, 
etc.  Certain  other  orgtiuisms  when  stained  with  a  solu- 
tion of  gentian-violet  in  aniline-water  retain  their  color 
when  treated  with  such  decolorizing-bodies  as  iodine 
solution  and  alcohol  (Gram's  method),  while  agjiin 
others  are  comi)lctelv  decolorized  bv  this  method. 
Many  of  them  can  only  be  washed  in  water,  or  but 
for  a  few  seconds  in  alcohol,  without  losing  their 
color.  It  is  essential  that  all  these  peculiarities  sliould 
be  carefully  noted  in  stiulying  an  organism. 

Fermentatiox. — Tlie  production  of  gas  as  an  indi- 
cation of  fermentation  is  an  accompaniment  of  the 
growth    of  certain  bacteria.     This   is   best   studied    in 
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nieiiia  tn  wliit-li  1  to  2  per  cent,  (if  grajx'-sufr.tr  (ghiwi 
hii^  been  imMc(1.  A  wjuvcnient  raethwJ  of  deiuuuMti'ut- 
iiig  this  property  is  to  employ  a  tube  about  lialf  fiill  of 
ugar-agiir  coiitainiag  the  necessary  amount  of  graj)e- 
Hiigar.  Tlie  medium  ih  to  Iw  liquefied  on  a  watcr-lwtli, 
and  then  eooled  ti>  about  42°  C,  when  a  email  quantity 
of  a  pure  culture  of  the  organism  under  «>nsideration 
should  carefully  be  distributed  thmugh  it.  The  tube  in 
then  placed  in  ice-wuter  and  rapidly  solidifieil  in  the 
vertical  position,  When  solid  it  is  placed  in  tlie  inou- 
Initor.  After  twciity-four  to  thirty-six  hours,  if  tliS' 
organism  jKissesseB  the  pro]>crty  of  causing  fermentaliottj 
of  glucose,  tile  medium  will  lie  dottwi  everywhere  with' 
very  small  cavities  containing  the  gas  that  lina  resulted. 
This  property  of  fermentation  with  evolution  of  gaa 
i^  of  such  importance  as  a  differential  characteristio', 
that  conniderable  attention  has  Vtecn  given  ti.i  it,  and. 
those  who  have  been  most  intimately  concerned  in  tlw 
development  of  our  knowledge  on  the  sulijeet  do  not 
OHnsider  it  siifficiDnt  to  say  that  the  growth  of  an  organ- 
ism "is  accompanied  by  the  production  of  gas-bub- 
blfts,"  l>ut  that  under  given  conditions  we  should  deter- 
mine not  only  the  amount  of  gas  or  gaaea  produce<l 
bv  the  organism  under  consideration,  but  also  their 
nature.  For  thia  purpose,  Smith'  recommends  the 
employment  of  the  fermentation-tube.  This  is  a  tube 
bent  at  an  acute  angle,  cUiscd  at  one  end  and  enlai^^l 
with  a  bulb  at  the  other.  At  the  l)end  the  tube  is 
(wistrirtal.  To  it  a  glass  f'x»t  is  atlacbeil  mi  that 
i1k  lube  may  stand  upright.     (See   Fig.  39.)     To  fill 

'  ks  rovOwt  Htd  MhMisIivo  contribution  (o  Ihis  anl.jfct  hw  lieen 
•nrfk  V  Til  'ill  Smith  in  the  Wililor  Qnsrtcr-Centary  Hook.  Itluwa. 
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the  tube,  the  fluid  (it  is  used  only  witli  fluid  niech'a) 
is  poured  into  the  bulb  until  this  is  nlnnit  half  full. 
The  tube  is  then  tilted  until  the  closed  arm  is  nejirly 
horizontal,  so  that  the  air  may  flow  out  into  the  bulb 
and  the  fluid  flow  into  the  closed  arm  to  tiike  its  place. 
When  this  has  been  completely  fille<l  sufficient  fluid 
should  be  added  to  bring  its  level  within  the  bulb  just 
beyond  the  bend,  and  the  opening  of  the  bulb  plugged 

FlO.89. 


Fermentation-tube. 


with  cotton.  The  tubes  thus  fille<l  are  then  to  be  ster- 
ilized. During  sterilization  they  are  to  \k)  maintained 
in  the  upright  jwsition.  Under  the  influence  of  heat  the 
tension  of  the  water-va|X)r  in  the  closed  arm  forces  most 
of  the  fluid  into  the  bulb.  As  the  tube  c(M)1s,  the  fluid 
returns  to  its  place  in  the  closed  arm  and  fills  it  a<i:jun, 
with  the  exception  of  a  small  space  at  th<^  top,  which  is 
occupied   by  the  air  originally  dissolvcil   in  the  liquid 
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ami  whioli  liiiw  btfii  driven  out  l»y  tlie  lirat.  Tlie 
bubble  slioiikl  1h-  tilttd  out  after  each  sterilization  ;  and 
finally,  a&er  the  third  exjweure  ki  steam,  this  arm  of 
the  tube  will  be  free  i'l-om  air.  The  mediiim  i-mployed 
is  bouillon  containing  some  fermentable  carbohydrate, 
as  glucose,  lactose,  tir  saccharose.  After  inoculation  the 
flasks  are  placed  in  the  incubator,  and  the  amount  of 
gas  that  (xillectti  in  the  closed  arm  i^  noted  from  day  to 
day.  From  studies  that  have  licen  made  this  gas  w! 
found  to  consist  usually  of  about  one  part  by  volume  of 
carbonic  acid  and  two  parts  by  volume  of  an  explosive 
gas  consisting  laigely  of  hydrogen.  For  determining  the 
nature  and  quantitative  relations  of  these  gases  Smith ' 
recommends  the  following  procedure :  "  The  bulb  is 
completely  filled  with  a  2  per  cent,  solution  of  sodium 
hydroxide  (NaOH)  and  closed  tightly  with  tlic  thumb. 
Tbe  fluid  is  sliaken  thoroughly  with  the  gas  and  allowed 
to  flow  back  and  forth  frrim  bulb  t4)  closed  branch  and 
the  n^versc  several  times,  to  insure  intimate  contact  of 
the  (X),  with  the  alkali.  I^astly,  befca-e  removing  the 
thuvth  all  the  gns  w  atlowed  la  colled  in  the  dosed  branch, 
so  that  none  may  escape  when  the  thumb  is  removed. 
If  COj  be  present,  H  partial  vacuum  in  the  closed  braneli 
cjiMNc-i  tbe  fluid  to  rise  suddenly  when  the  thumb  is  re- 
rinivcil.  After  allowing  the  layer  of  foam  t*)  gubside 
miuii'wiiat.  tbe  K]Niee  occupied  by  gas  is  again  measured, 
ami  llii'difrercnce  bL'twecD  this  amount  and  tliat  meaa- 
un-fl  iM'fiii'c  shaking  with  the  s<Hlium  hydroxide  solution 
tliven  ihe  prop<irtiriu  of  CKJ,  absorbed.  The  explosive 
ehithicler  of  the  rfwitlue  is  determined  as  follows:  the 
tluiuili  I*  plaeed  agititi  over  the  nioutb  of  tlic  bulb  and 
ttw  fw  IWiUl  the  cIowhI  branch  i^  iillowcd  lo  flow  into 
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the  bulb  and  mix  with  the  uir  tliere  jircMent.     Tbe  plug 
is  then  removc-U  aud  u  lightt^^  match  iiiticrtetl  ititu  the 
iiiuuth   uf  the   bulb.     The  iiiti'ii^ity  oi 
the  explosion  varicH  with  the  ainuiint  of  *'"■  *•■ 

air  present  in  the  bulb." 

Durliam'it  Feriiienlation-tube. — Dur- 
ham enii)loys  a  eonveiiioiit  niudifittitioii 
of  the  ordiuary  ferinentatiuii-tubi-,  which 
18  coiistrueted  in  the  following  miui- 
iier:  test-tubes  of  about  10  or  12  c.c, 
ca[Kicity  are  placed  in  an  inverted  jnwi- 
tion  within  a  larger  ti'st-tul>e,  and  the 
latter  plugged  with  cotton  in  the  usual 
way  and  sterilized.  (See  Fig.  40.)  The 
small  tube  should  fit  loosely  within  the 
larger  one.  Tiie  modiiun  to  l)e  used  is 
run  into  the  larger  tube  until  there  is 
present  about  50  per  cent,  more  than  the 
volume  of  tlie  smaller  tul>e.  The  wliolc 
in  then  8terilize<l  in  Htrraming  steam  by 
tlie  fractional  mi^hnd.  Afhsr  the  first 
sterilization  the  small  tube  will  \k  fotnid 
almost  filled  with  fluid,  over  which  a 
small  air-bubble  lies.  After  the  second 
or  third  sterilization  this  air-bubble  is 
completely  expelled,  and  the  small  tnl>e 
contains  nothing  but  the  liquid. 

The  mediunt   that    Durham   employs 
for  the  femirntatii.u-test  is  a  1  per  cent.  °"'tXm-iaZ'"' 
solution  of  Wittc's  peptone  in   distilled 
water,  to  wliifji  have  been  iiddwl  known  amounts  of 
some   sneh   fermentable   siipir  us  gitieosr,   saeeharose, 
lactose,  niaiiiiite,  ele.,  iis  the  ease  may  demand,     lie 
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prt'ftTs  |)i'ptom'  ti)  mtiit-in fusion  boiiillun  for  tJio  rL-ustin  ^ 
that   tlie   lattor  often  oontaiiis    traces  of  miisclo-sugar, 
and   thereby  is   likely  to  eomplieate  the  results.      He 
prefers   Deutralizatlon   with    oi^nic  ncitls  rather  than 
mineral  acids,  and  uses  eitric  acid   by  preference,  the 
rcuson  for  this  being  that  where  sugars  such  as  those  -i 
montioDod  are  acti.id  u]>oii  by  mineral  acids  under  the  | 
iiifluonec  of  heat  their  coiii[X)sition  is  apt  to  he  ahered. 

Note. — Prepare  two  fermentation-tubes  as  follows: 
Fill  oati  with  a  1  per  cent,  watery  solution  of  peptone 
to  which  2  per  cent,  of  glucose  has  been  added ;   fill 
the  other  with  a  similar  peptone  solulion,  but  to  wliich 
only  0.3  per  cent,  of  glucose  lias  been  added.     Steriliw 
and  inoculute  with  bacillus  eoli  commniiiH,     How  do-1 
the  two  tubes  differ  from  one  another  after  eighteen  tol 
twenty-four  hours  in  the  incnliator?  First,  as  regard 
the  reaction  of  the  fluid  in  the  open  arms  of  the  tubes;  J 
Second,  as  to  accumulation  of  gas  in  closed  arms  of  the  ' 
tubes.     Third,  as  to  the  cajiacity  of  each  solution   for 
reducing  copper  in    Fchling's  Bolution.     What  differ- 
ences are  observed,  and  how  may  they  Iht  e.vplained? 


Clfl.TlVATioN  wiTiifUT  OxvfiE.N. — .\,s  wc  Iiave 
already  learned,  there  is  a  gnmp  of  bacteria  to  which 
the  designation  "anaerobic"  has  lH*n  given,  which 
are  charaeteri/^  by  inability  to  gmw  in  the  presence 
of  free  oxvgpn.  For  the  cultivation  of  the  members  of 
Ibis  group,  n  nuriil)er  of  devices  are  employed  for  the 
Mclaa-w  of  free  oxygen  from  the  cullures. 

KotVt  iHtihtxi.  Koch  covered  the  surfa<-c  of  a  gela- 
&  phtr.  which  had  bci^n  previously  inoculated,  with 
»  ^  •Wd  of  stcriliKed  isinglass.      The  oi^ranisras 
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which  grew  beneath  it  were  supposed  to  develop  with- 
out oxygen. 

Hesse^s  indhod.  Hesse  poured  sterilized  oil  upon  the 
surface  of  a  culture  made  by  stabbing  a  tube  of  gelatin. 
The  growth  that  occurred  along  the  track  of  the  needle 
was  supposed  to  be  anaerobic  in  nature. 


Fig.  41. 


liborlus  tube  for  anaerobic  cultuiea. 


Methods  of  Liborius.  Liborius  has  suggested  two 
useful  methods  for  this  purpose.  One  is  to  nearly  (about 
three-quarters)  fill  a  test-tube  with  gelatin  or  agar-agar, 
which,  after  having  been  sterilized,  is  to  be  kept  in  a 
vessel  of  boiling  water  for  ten  minutes  to  expel  all  air 
from  it.  It  is  then  rapidly  cooled  in  ice-water,  and 
when  between  30°  and  40°  C,  still  fluid,  is  to  be  inoc- 
ulated and  very  rapidly  solidified.  It  is  then  sailed  in 
the  flame.    Anaerobic  bacteria  develop  only  in  the  lower 
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liiy<TN  of  llic  mwliiim.  In  his  other  metlntil  \w  employe  1 
iL  sjii'iiiil  tube,  known  as  "  the  Liborius  tube."  Its  con-.f 
struction  is  shown  in  Fig.  41. 

Through  the  side  tube  hydrogen  ie  passed  until  it  re- 1 
places  all  the  air ;  the  contracted  parts,  both  of  the  neck 
of  the  tul)e  and  the  side  arm,  are  then  sealed  in  the 
flame.'     This  ttd)e  can  be  ii.*h]  for  either  R>Iid  or  liquid 
media,  but,  owing  to  its  usual  small  capacity,  gives 
better  results  witli  fluid  media.      (For  precautions  in  J 
using  hydrogen,  see   not*  to   Frankel's   method,  page  1 
219.) 

Mftlioil  iif  JBuefma:  The  plan  anggcst«d  by  Biichner,  < 
of  allowing  the  cultures  to  develop  iu  an  atmosphere  | 
robbetl  of  its  oxygen  by  pyrogallic  acid,  gives  very  good 
FL'sults.  In  this  method  the  culture,  which  is  either  a 
slant-  or  stab-culture  in  a  test-tnbe,  is  placed — tube, 
cotton  plug,  and  all — into  a  lai^r  tid)e,  in  the  lK>ttoin 
of  which  have  been  deposited  1  gnmime  of  pyrogallio  J 
acid  and  10  c.c.  of  ^  normal  ^  cuustie-jratash  solution.  J 

'  As  tliQ  tubes  come  fWim  Hid  maker  tliF  cnDtracted  parts  Disirkvd  x 
in  the  tut  nre  usubII.v  ho  thii'k  as  tu  render  the  sroling  in  the  flame   ^ 
fliirinc  th<>  iKiHSSKo  nf  hy<lraeen  wjmeirliBt  Imubleiiomc ;  It  Is  better 
to  dmiv  Ihem  out  in  tlie  flanie  ijnili^  thin  hcfure  pa«Bin|;  the  hydniRen 
iDto  the  tube.    Tbla  liuikea  the  flnal  senllng  a  oiHttet  of  nn  difllcni^. 

'  A  nunual  miIuIjoti  >h  one  thnt  ronlains  in  a  litre  us  many  tcnnitnea 
of  the  ditwilved  Buh«t«n»  More  itidieated  by  its  molecuUr equivalent. 
The  eqiiivn1»<ut  is  that  amount  uf  a  chemical  comjiDund  which  pusBesMiB 
the  mnie  rhemical  VHliie  asdcH-B  nne  ainm  of  hydrogen.  For  example: 
OQc  molecule  of  h.vdrovhUiric  neld  (HID  has  a  moleculnr  weight  and 
aboan  oiguivalrnt  weiKht  at 'M.5;  a  niulecuie  uf  this  aeid  has  the 
■aliie  chemkal  tbIiib  u  one  atom  of  hydrogen.  It«  noimal  solittiun  is 
tliereroie  S6^  erammes  tu  Ifae  litre.  On  the  otbor  band,  Bniphiiriu  arid 
(Hi80()  contain!  in  each  molecule  tvro  replaceable  hydrogen  atoms; 
Ibi  normal  Holution  is  nnt.  thcrcrure. ftOKrammr*  lit*  molecular  weight} 
to  Uie  litre,  but  that  amount  which  would  br  equivalent  ehemirally  to 
line  hplrogon  atom,  viz.,  tO  fnvnimes  (iinc-hair  its  molecular  weight) 
to  the  lilro.    A  normal  wlutiun  ut  («u«iie  iioiaab  cvntaine  as  mtmj 
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The  larger  tube  is  tlicii  tiglitly  plugged  with  a  nibber 
stopper.  Tile  oxygen  is  ([uiclily  absorbed  by  tlie  pyro- 
g;illic  aci<l,  and  the  oi^nisnis  develop  in  the  reniaiiiing 
colll^tituents  of  the  atmosphere,  viz.,  nitrogen,  a  small 
amount  of  CO„  and  a  trace  of  ammonia. 


FiiDkel's  mcthi 


Method  of  C.  Fniukcl.  Carl  FrfinlK'l  siig}^sts  tlie 
following  as  a  niodilirutioii  of  or  substitute  for  the  tube 
of"  Lil>)rius:  the  tnbe  is  first  inoculatcil  as  if  it  were 
to  lie  [)oiirtil  as  a  plate  or  rolled  as  an  ortlinary  Esinareli 
tnlie.  The  eotton  plug  is  tlien  n.'|)laced  by  a  niblxT 
stopper,  tlinmgh  wliieli  jiass  two  glass  tubes.  These 
must  all  have  been  sterilized  in  the  steam  sterilizer 
)tnitiiiiii':4  In  tilt!  litre  nx  tho  Qliniber  of  ila  mult^ulUT  weight— 56.1 
gniiutiii's  w  Ibo  litre  uf  ivatvr. 
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befitro  using.     On  tlic  niitcr  side  of  the  wtopixr  tli« 
two  tulK'S  arc  lniit  nt  rifiht  aitglus  to  tlie  long  jixis  of  | 
the  tpst~tiil>e  intd  wIiH^h  they  are  to  be  phiccd,  and  both  I 
are  slightly  tfrawn  out  in  a  gas-flame.     Both  of  these  I 
tnliea  must  he   provided,  before  stt'riliaition,  with   a  J 
phig  of  cotton  ;  this  is  to  prevent  the  aocess  of  foreign  t 
organisms  to  the  m^linm  during  nianipniations.     At 
the  inner  side  of  the  rnhber  stopjwr — that  is,  the  end 
which  18  to  be  inserted   into  the  test-tnbe^tlie  glass 
tubes  are  of  different  lengths:  one  reaches  tfl  within 
0.5  cm,  of  the  bottom  of  the  test-tnhe,  tlie  other  is  cut   ■ 
off  flush  with  the  under  surface  of  tlie  stopper.     The  J 
outer  end  of  tlic  longer  glaas  tube  is  then  connected 
with  a  hydnigen  generator  and  hydrogen   is  allowed 
to  bubble  through  the  gelatin  (Fig.  42,  \}  in  the  tube 
until  all  contained  air  has  been  cNpelled  and  lU  plac 
taken  by  the  hydrt^n.'     When  the  hyilrogen  has  beena 

'  Bonire  beginning  the  cipcrimeDt  it  la  alnavB  niat>  to  Ual  tho  hydro 
gen — J.  (.,  to  mx  that  it  in  ^e  froiu  oxygen  and  tbat  therv  is  no  daiigM  ^ 
of  ftn  oxploHlon,  for  unl(>9H  thie  im  done  tbe  entire  apparatus  nwy  ba 
bloira  hi  itipces  and  a  eerioua  nccident  occar.  Tlie  agents  uaed  shonld 
be  pare  dnc  and  pure  siilphnric  acid  of  about  25  to  30  per  oent. 
BtTcngtJi.  With  tbe  priniarj-  evolution  of  tho  ga«  tbe  outlet  of  th« 
Kennrator  should  be  clusoil  and  kept  el'med  until  Che  kbs  leaorvair  U 
quite  flllod  with  hydn^^en.  The  oatlct  ehould  then  be  opened  and  Uus 
rntln)  volume  oC  gait  allowed  to  escape,  cnre  being  taken  Chat  nn  flame 
i«  to  the  nvlghborhond.  This  shonld  be  repealed,  after  which  a  sample 
of  the  bydnigsn  gencralod  Hbonid  he  collected  in  an  inverted  test-tube 
la  Uie  nrdinary  vmy  for  n.llwting  gases  over  water,  vii.,  by  filling  a 
Int-tube  with  wal«r.  cluHlng  its  mouth  with  the  tlinmb,  iiiTeiting  it, 
add  pUetliR  ib  moutll  under  water,  when,  after  removine  tho  thumb, 
Iha  vrMvr  will  bv  kept  in  it  by  nliuMiplierie  prtasure.  The  hydrogen 
•Ufb  b  flowing  fnim  the  D|ien  gcnemlor  may  bo  coudiicitsl  In  the  lest- 
^iaVmbb^rtnUng.  Wlieii  the  wntcr  has  been  reploefd  teal  the  bhh 
%kMl^a<anwnmr  lti(M>|>en  luniith  of  tlie  test-tube.  If  no  pxplo- 
^^asva.  tt«  lt.TdrnRi'n  la  safe  to  use,  Should  there  Ih^  an  oxplosmn, 
^B-^i^a^^B  «(  hyilR«en  niiiat  be  continued  in  tho  apparatus  until 
*«■•  w^ ■  nl  iliiiT  flame  when  tvat«d  in  a  test-lubo. 
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bubbling  through  the  gelatin  for  alx)ut  five  minute 
(at  least)  one  can  be  reasonably  sure  tliat  all  oxygen 
has  been  expelled.  The  drawn-out  portions  of  the 
tubes  can  then  be  sealed  in  the  gas-flame  without  fear 
of  an  explosion.  The  protruding  end  of  the  rubber 
stopper  is  then  painted  around  with  ineltt*d  paraffin 
and  the  tube  rolled  in  the  way  given  for  ordinary 
Esmarch  tubes.  A  tube  thus  prepared  and  containing 
growing  colonies  is  shown  in  Fig.  42,  b. 

The  development  that  now  occurs  is  in  an  atmos- 
phere of  hydrogen,  all  oxygen  having  been  ex[x?lleil. 
During  the  oiK?nition  the  tulw  containing  the  liquefied 
gelatin  should  be  kept  in  a  water-bath  at  a  temperature 
sufficiently  high  to  prevent  its  solidifying,  and  at  tlie 
same  time  not  high  enougli  to  kill  the  organisms  witli 
which  it  has  been  inoculated. 

One  of  the  obstacles  to  the  successful  performance  of 
this  method  is  the  bubbling  of  the  gelatin,  the  foam 
from  which  will  often  fill  tlie  exit-tube  and  sometimes 
be  forced  from  it.  This  may  be  obviated  by  reversing 
the  order  of  proceeding,  viz. :  roll  the  Esmarch  tube 
in  the  ordinary  way  with  the  organisms  to  be  studied, 
using  a  relatively  small  amount  of  gelatin,  so  as  to 
have  as  thin  a  layer  as  possible  when  it  is  rolled. 
Then  replace  the  cotton  i)lug  with  the  sterilized  rubber 
stopper  carrying  the  glass  tul)es  through  which  the 
hydrogen  is  to  be  passed,  and  allow  the  hydrogen  to 
flow  through  as  in  the  method  first  given.  The  gas 
now  passes  over  the  gelatin  instead  of  through  it, 
and  consequently  no  bubbling  results.  In  all  other 
respects  the  procedure  is  the  same  as  that  given  by 
Fninkel. 

Method   of   Kltdxffto   and    Weif,     For   favoring  an- 


BACTERIOLOGY 


iii"nil>ic  conditions  Kitasato  and  Weil  have  su^t-stod 
tliL'  additiun  to  the  culture-media  of  some  strong  rt^ 
dnding-agcnt.  Tlicy  rec«mmenLl  formic  acid  or  siKlium 
formate  in  0.3  to  (1.5  per  cent, ;  glut'oso  in  1.3  to  2  per 
cent. ;  or  liliic  litmus  tincture  in  5  per  wnt.  Ity  volnnie. 
Tliia  is,  of  course,  in  udditiou  to  un  atmnspbere  from 
wliich  all  oxygen  lias  l)ee»  expelled.  As  a  redueing- 
iigent  for  lliitt  piiqwiee,  Theobald  Smith  regards  a  weaker 
Holution  of  glncose,  0.3  to  0.5  per  cent.,  as  more  ad- 
vantageous;  and  Wriglit  obtains  better  results  when 
gliK^M'  is  addi'd  if  the  primarj'  reaction  of  the  media 
irt  hIhiuI  neutral  t^>  phcnolphtolcin. 

hiimiiri'Ji'ei  mrOiod.  Esmareh's  plan  is  h)  prepare  in 
the  iiNinil  way  a  roll-tulw  of  the  oi^nisras ;  subject  it 
t*>  II  low  tcni]x'rature,  and  while  quite  cold  fill  it  with 
liqueded  gelatin,  which  is  caused  to  HoHdify  rapidly.  In 
thit  method  the  ailonies  develop  along  the  sides  of  the 
tidw'n,  and  cnn  more  easily  be  studied  than  when  Ihey  are 
w^allered  ihmtigh  the  gelatin,  as  in  the  method  of  Liborius. 

Mflhixl  tif  Pork.  A  very  simple,  amvenient,  and 
t'flleU'lH  nictJKKl  in  eniployeti  by  Park.  It  consists  in 
wivcrinn  tlie  medium  in  which  the  anaerobic  species  are 
lt>  In'  euhivatnl  with  liquid  paraffin  (allx)lene).  The 
hort  nttnltH  are  obtained  when  the  amoimt  of"  paraffin 
Mtk>l  in  nlH>nl  half  tiiat  of  the  liquid  in  the  tulx-  or 
iftk^,  'Hie  liquid  paraffin  has  llie  advantage  over  the 
»«»Biii  |«imt)iii  in  not  rctnieting  fn»m  the  w'alls  <)f  the 
^■himI  vm  mMtUnif,  All  air  i^  expelled  fmm  flasks  or 
■knipWffWml  in  thin  way,  by  heating  them  in  the  aulo- 
■■Mmi  TW  k^rvr  nf  paraffin  prevents  the  realtsorption 
-Jfcvvvtt  off  by  the  heat.  After  cooling,  the 
by  |ta.>wing  the  needle  thmugh  the 
ite  Uk  media. 
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By  some  workers  the  oxygen  is  removed  from  the 
culture-medium  by  the  use  of  the  air-pump. 

Many  otlier  methods  are  employed  for  this  special 
purpose,  but  for  the  beginner  those  given  will  suffice. 

From  what  has  been  said,  it  may  be  inferred  that  the 
cultivation  of  anaerobic  bacteria  is  a  simple  matter 
attended  with  Init  little  difficulty.  Such  an  opinion 
will,  however,  be  quickly  abandoned  when  the  beginner 
attempts  this  part  of  his  work  for  the  first  time,  and 
particularly  when  his  effijrts  are  directed  toward  the 
separation  of  these  forms  from  other  organisms  with 
which  they  are  associated.  The  presence  of  spore- 
forming,  facultative  anaerobes  in  mixed  cultures  is 
always  to  be  suspecte<l,  and  it  is  this  group  that  renders 
the  task  so  difficult.  At  best  the  work  requires  undi- 
vided attention  and  no  small  degree  of  skill  in  bacterio- 
logical technique. 

Indol  PkoDUCTiON. — The  generation  of  products 
other  than  those  that  give  rise  to  alterations  in  the  n^ac- 
tion  of  the  media,  and  whose  presence  may  be  detected 
by  chemical  reactions,  is  now  a  recognized  step  in  the 
identification  of  different  species  of  bacteria.  Among 
these  products  is  one  that  is  produced  by  a  number 
of  organisms,  and  whose  presence  may  easily  be  de- 
tected by  its  characteristic  behavior  when  treated  with 
certain  substances.  I  refer  to  nitroHo-indolj  the  reac- 
tions of  which  were  described  by  Beyer  in  1869,  and 
the  presence  of  wliich  as  a  product  of  tlie  growth  of 
certain  bacteria  has  since  furnished  a  topic  for  consid- 
erable discussion. 

Indol,  the  name  by  which  this  body  is  now  generally 
know^n,  when  ac^ted  upon  by  reducing-agents  becomes 
of  a  more  or  less  decided  rose  color.     This  body  was 
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RtM^nizeJ  as  one  of  llie  prdiluots  of  gmwtli  of  tie 
Bpirillum  of  AHJatic  cliolem  first  by  Poel,  and  a  short 
time  stibseqiiciitly  by  Biijwicl  and  by  Dtinham,  and  for 
a  time  was  believed  to  be  peculiarly  elmracttriatit!  of 
the  growth  of  tiiis  oi^iiisiii.  It  iias  since  been  fbiind 
tliat  there  are  many  otlier  bacteria  which  also  possess 
the  property  of  producing  indol  in  the  course  of  their 
development.  It  is  constantly  present  iu  putrefying 
matters,  and  is  one  of  the  aromatic  bodies  that  give  to 
ficucs  their  characteristic  odor. 

The  methods  employed  for  its  detection  are  as  follows : 
cultivate  tlie  oi^nism  for  twenty-four  to  forty-eight 
hours  at  a  temiierature  of  37°  C,  in  the  suuple  pep- 
lone  solution  known  as  "  Dunham's  solution "  (see 
loruiula  for  this  medium).  This  solution  is  preferred 
because  iU  pale  color  does  not  mask  the  rose  color  of 
the  reaction  when  the  amount  of  indol  present  is  very 
Bmall. 

Pour  tubes  should  always  be  inoculated  and  kept 
under  exactly  the  same  conditions  for  the  same  length 
of  time. 

At  the  end  of  twenty-four  or  forty-eight  hours  the 
tt'nt  iniiy  be  miide.  Proceed  as  follows :  to  a  tube  con- 
tiiiuiiift  7  e.o.  of  tlie  ]K'ptj;ine  solution,  but  which  has  not 
bi't'U  iniM'ululcd,  add  10  drops  of  concentrated  sulphuric 
Hi'id.  To  uniither  airnllur  tul>e  iidd  1  o.c.  of  a  0.01  per 
wnl.  «ihiti<m  of  sodium  nitrite,  and  afterward  10  drops 
\\(  \vmvMmlvi\  tiulpliuric  acid.  Observe  the  tubes  for 
ftvtf  iw  t*'H  uilnutfu.  No  altenitiou  in  their  color  ap- 
|WMi«,  ur  aI  \nU'i  lliere  h  no  production  of  a  rose  color. 
liV*  ■.■mHiiitH  HO  iiuiol. 

Vvwttt  iu  the  MUie  way,  with  the  acid  alone,  two  of 
^  WiAw  «Wk  A«(>v  ttern  inoctilakd.    If  no  rose  color 
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appears  after  five  or  ten  minutes^  add  1  c.c.  of  the 
sodium  nitrite  solution.  If  now  no  rose  color  is  pro- 
duced, the  indol  reaction  may  be  considered  as  negative 
— t.  e.,  no  indol  has  been  formed  as  a  product  of  the 
growth  of  the  bacteria. 

If  indol  is  present,  and  the  rose  color  appears  afl^r 
the  addition  of  the  acid  alone,  it  is  plain  that  not  only 
indol  has  been  formed,  but  coincidently  a  reducing- 
body.  This  is  found,  by  proper  means,  to  be  nitrous 
acid.  The  sulphuric  acid  liberates  this  acid  from  its 
salts  and  permits  of  its  reducing  action  being  brought 
into  play. 

If  the  rose  color  appears  only  after  the  addition  of 
both  the  acid  and  the  nitrite  solution,  then  indol  has 
been  formed  during  the  growth  of  the  organisms,  but 
no  nitrites. 

Control  the  results  obtained  by  treating  the  two 
remaining  cultures  in  the  same  way. 

The  test  is  sometimes  made  by  allowing  concentrated 
sulphuric  acid  to  flow  down  the  sides  and  collect  at  the 
bottom  of  the  tube ;  the  reaction  is  then  seen  as  a  rose- 
colored  zone  overlying  the  line  of  contact  of  the  acid  and 
culture-medium.  This  method  is  open  to  the  objection 
that,  if  indol  is  present  in  only  a  very  small  amount, 
the  faint  rose  tint  produced  by  it  is  apt  to  be  masked 
by  a  brown  color  that  results  from  the  charring  action 
of  the  concentrated  acid  on  the  other  organic  matters 
in  the  culture-medium,  so  that  its  presence  may  in  this 
way  escape  detection.  In  view  of  this,  Petri  recom- 
mends the  use  of  dilute  sulphuric  acid.  He  states  that 
when  indol  is  present  the  characteristic  rose  color  ap- 
pears a  little  more  slowly  with  the  dilute  acid,  but 
it  is  more  permanent,  and  there   is  never  any  like- 
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Uhrnnl  <if  its  presence  being  masked  hy  otlier  colnr- 
rt'aetioiis. 

Muir  and  Ritetiie  recommend  the  use  of  ordinary 
fuming  ur  yellow  nitrie  acid  for  tliis  teft.  In  tliis 
method  two  or  three  drajts  of  the  acid  are  added  to 
tiie  rnltiire  under  consideration.  If  indol  be  present, 
tiie  reil  color  appeura  m  a  resnlt  of  the  reducing  action 
of  the  nitnms  acid  iiixni  it.  The  defect  in  this  method 
iH  that  it  reveals  only  the  presence  of  indol,  and  fails  to 
indicate  whether  or  not  reducing-bodies  were  ('<iinei- 
dcntly  formed  with  the  indol.  As  a  test  lur  indol  alone 
it  is  convenient  and  entirely  trustworthy. 

Tfsfs  for  nilnfm.  For  this  purjwse  Lnnkewicz  rce- 
ommends  the  employment  of  Ilosvay's  modification  of 
the  method  <)f  Griess.  As  reagents  the  following  sohi- 
tions  are  employed : 

a.  NsplithylamiDe ,...,,     0.1  fnBmme. 

Distilled  water .    20.0  e.C. 

Acetic  acid  (iT  per  fenL  Bol.) .  150.0  r,c. 

ft.  Sulbailic  Hcid 0,5  gramme. 

Aeatic  otiil  (35  per  cent  wjI.)  .        150,0  r.c. 

In  preparing  solution  a  the  naphthylamine  is  dis- 
solved in  20  CO.  of  boiling  water,  filtered,  allowed  to 
cool,  and  mixetl  with  the  dilute  acetic  acid.  Solutions 
(I  and  I)  lire  then  mixed.  The  resnlting  miKtnre  should 
he  colorlfsn.  It  is  best  to  prepare  it  as  needed,  though 
if  kept  in  n  oloecly  stoppered  flask  it  retiiins  its  virtues 
.  tir  wrac  timo. 

Vlwn  added  to  cultures  eontjiining  nitrites,  in  the 
gMiHttion  of  one  volume  of  reagent  to  five  volumes 
«f  ife  whuiv,  H  deep-red  color  appears  in  a  few 
WMH^  tt  *a  nitritoH  are  presi-nt,  no  I'olor-reaetiou 
onUnres  always  control  the  results 
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by  tests  on  a  portion  of  the  same  medium  not  inoen- 
lated,  as  some  of  the  ingredients  of  which  the  medium 
is  composed  may  contain  nitrites.  Lunkewicz  recom- 
mends the  use  of  Merck's  peptone  for  this  test,  claim- 
ing that  nitrites  are  always  to  be  found  in  Witte's 
peptones. 

POINTS  TO  BE  OBSERVED  IN  DESCRIBING  AN  ORGANISM. 

The  following  is  an  outline  of  jx)ints  to  be  cxmsidered 
in  describing  a  new  organism  or  in  identifying  an 
organism  with  one  already  described : 

1.  Its  source — as  air,  water,  or  soil.  If  found  in  the 
animal  body,  is  it  normally  present  or  only  in  patholog- 
ical conditions? 

2.  Its  form,  size,  mode  of  development,  occurrence 
of  involution-forms  or  other  variations  in  morphology. 
Grouping,  as  in  pairs,  chains,  clumps,  zoogloea;  pres- 
ence of  capsule ;  development  and  germination  of 
s^wres ;  arrangement  of  flagella. 

3.  Staining-peculiarities — especially  its  reactions  with 
Gram's  (or  Weigert's  fibrin)  stain,  and  peculiar  or  irreg- 
ular mo<les  of  staining. 

4.  Motility — to  be  determined  on  very  fresh  cultures 
and  on  cultures  in  different  media. 

6.  Its  relation  to  oxygen — Is  it  aerobic,  anaerobic, 
or  facultative?  Does  it  develop  in  other  gases,  as 
carbonic  acid,  hydrogen,  etc.  ? 

6.  Both  the  macroscopic  and  microscopic  appearance 
of  its  colonies  on  nutrient  gelatin  and  on  nutrient  agar- 
agar. 

7.  The  appearance  of  its  growth  in  stab-  and  slant- 
cultures  on  gelatin,  agar-agar,  blooil-serum,  and  potato. 
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8.  The  character  of  its  growth  in  fluid  media,  as  in 
bouillon,  milk,  litmii^milk,  m$o)ic-acii)-ix?ptone  solu- 
tion, aiid  in  bouillon  containing  gluco^. 

9.  Does  it  grow  beet  in  add,  alkaline,  or  neutral 
media? 

10.  Is  the  Domiol  reaction  of  the  medium  altcreil  by 
its  growth  ?  Is  itf>  growth  ucconijmnied  bv  the  produc- 
tion of  imlol  ?  Is  the  indol  associated  with  the  coinci- 
dent protluction  of  nitrites  ? 

11.  Is  its  growth  acctimpanied  by  the  productitm  of 
gas,  as  evidenced  by  the  appi-arance  of  buhbles  in  the 
meilia — Ixith  iu  media  containing  fermentable  sngars 
and  those  from  which  thcHc  bodies  are  al)sent  ?  M'lien 
cultivated  in  sugar-bouillon  in  the  fermentation-tube, 
whiit  ])r(>i)ortiun  of  gas  is  evolved  nndcr  known  condi- 
tions? How  muehof  this  gas  is  carbonic  acid,  and  how 
much  is  explosive? 

12.  At  wlint  t4'mpcmturc  docs  it  thrive  Ix-st,  and 
what  arc  the  lowest  and  highest  temperatures  at  which 
it  will  develop?  What  is  its  thermal  death-point,  both 
bvHtcHm  and  dry-air  niethodsof  determining  this  point? 

1.1.  What  is  its  behavior  when  exposed  to  chemical 
dininfpetants  and  antiseptics?  Does  it  withstand  drj-- 
iiur  and  other  injurious  influences,  Ixith  in  the  vegeta- 
tive and  s|Mire  stages  ?  The  germicidal  activity  of  the 
lit<Hid-«Tnim  of  different  animals  may  also  he  tried 
ii^«  it. 

14>  lb>  iwthop'uie  powers — modes  of  inoculation  by 
V^Mk  llww  *Tf  denionst  ratted  ;  quantity  of  material  used 
te  iawwhlMtn ;  duration  of  the  disease  and  its  symp- 
Mi^;  tjjj.'nu:  LW<.Mliic(<tl,  and  distribution  of  the  bacteria 
^^  ^iii^Hf  ^  Miinuds  ;  which  animals  arc  susceptible 
^|^^4  vMnHHvftiKl  the  character  of  its  jiathogc>nic 
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activities.  Variations  in  vinilence,  and  tlie  probable 
eanses  to  which  they  are  due.  Can  they  be  produced 
artificially  and  at  will  ? 

15.  The  detection  of  specific,  toxic,  and  immunizing 
products  of  growth. 

16.  Its  behavior  when  exposed  to  the  influence  of 
blood-serum  of  animals  immunized  from  it;  also  its 
behavior  when  mixed  vnth  serum  from  an  animal  in 
the  acute  stage  of  infection  resulting  from  it.  Are  the 
relations  between  the  organism  and  the  serum  constant 
and  specific? 


CHAPTER  XTI. 

Inucalatioii  of  sutmals — Subcutaneous   iuuculatiuD — IntravcDOUH  i 
jeetiiin— Inoculttlitm  inW  the  great  Bcroua  cavitlei 
interior  chamber  at  the  eye— ObservalUiu  nf  aniinnls  aSlet  v 

AjTEK  subjecting  an  oi^nisni  fii  the  niL'fliiHls  of 
study  that  we  have  thus  far  reviewed  there  n-maina  to 
be  tested  its  action  upon  animals — i.  e,,  to  determine  if 
it  possessea  the  property  of  producing  disease  or  not ; 
snd,  if  so,  what  are  the  pathological  results  of  its 
growth  in  tlie  tissues  of  these  aniiuaU,  and  in  wliat  way 
must  it  gain  eaitrance  to  the  tissues  in  order  to  pn;«Iuce 
these  results  ?  The  nioile  of  deciding  these  points  Is  by 
inoculation,  which  is  practised  in  different  ways  accord- 
ing to  (-ipcti instances.  Most  conunonly  a  bit  uf  the  cult- 
ure to  Im  tested  is  simply  iutnxhiccd  beneatli  the  skin 
of  the  animal;  but  in  otiier  tases  it  uiuy  be  necessary 
to  intro<liicc  it  directly  into  the  vascular  or  lymphatic 
circultUiiin,  or  into  oue  or  the  other  of  the  great  f^^rous 
nivitics  ;  or,  for  still  other  purposes  of  observation,  into 
th<>  anterior  chaml)er  of  the  eye,  \i\ii^n  the  iriri  or  within 
tl»  skull  oivity,  uijou  the  dura  or  brain  substanw. 

SfBCTTANWHifl  Iso(!ri,ATloN  OF  Animai.s, — The 
mimIs  miuilly  employed  in  the  lalmrator)'  for  pnrjHises 
WaaeahlKMi  arc  whitv  mice,  gray  honst^^miee,  guinea- 
9^  nMilK,  mhI  pi^ns. 

Ftf  «afk- ^ahcumiH'ons  inoculation  the  steps  in  the 
^■H^  anr  jKartaeUly  the  same  in  all  cases.  Tlie  hair  or 
.flKttW  ai«4bUy  removed.    If  the  skin  is  very 
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dirty,  it  may  be  scrubbed  with  soap  and  water.  Steriliza- 
tion of  the  skin  is  practically  impossible,  so  it  need  not 
be  attempted.  If  the  inoculation  is  to  be  made  by  means 
of  a  hypodermic  syringe,  then  a  fold  of  the  skin  may  be 
lifted  up  and  the  needle  inserted  in  the  usual  way.  If  a 
solid  culture  is  to  be  inoculated,  a  fold  of  skin  may  be 
taken  up  with  forceps  and  a  pocket  cut  into  it  with 
scissors  which  have  previously  been  sterilized.  This 
pocket  must  be  cut  large  enough  to  admit  the  end  of  the 
needle  without  its  touching  the  sides  of  the  opening  as  it 
is  inserted.  Beneath  the  skin  will  be  found  the  super- 
ficial and  deep  connective-tissue  fasciae.  These  must  be 
taken  up  with  sterilized  forceps,  and  with  sterilized  scis- 
sors incised  in  a  way  corresponding  to  the  opening  in  the 
skin.  The  pocket  is  then  to  be  held  open  with  the  for- 
ceps and  the  substance  to  be  inserted  is  introduced  as 
far  under  the  skin  and  fasciae  as  possible,  care  being 
taken  not  to  touch  the  edges  of  the  wound  if  it  can 
be  avoided.  The  edges  of  the  wound  may  then  be 
simply  pulled  together  and  allowed  to  remain.  No 
stitching  or  efforts  at  closing  it  are  necessary,  though  a 
drop  of  collodion  over  the  point  of  operation  may  serve 
to  lessen  contamination. 

During  manipulation  the  animal  must  be  held  still. 
For  this  purpose  special  forms  of  holders  have  been 
devised ;  but  if  an  assistant  is  at  hand,  the  simple  sub- 
cutaneous inoculation  may  be  made  without  the  aid  of 
a  mechanical  holder. 

It  is  at  times,  however,  more  convenient  to  dispense 
with  an  assistant ;  one  of  several  forms  of  apparatus  that 
have  been  devised  for  holding  mice,  guinea-pigs,  rats, 
rabbits,  etc.,  may  then  be  used.  For  small  animals,  such 
as  mice  and  rats,  the  holder  suggested  by  Kitasato  is  very 
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iiaefiil.    It  is  iiimply  a  metal  pi nte  attached  t^astaDdbya 
<!laniped  bull-and-fiocket  joint,  so  that  it  can  be  fixed  in 


any  position.     It  is  provided  with  a  wpring-clip  at  one 
(^nd  that  holds  the  animnl  by  the  skin  of  the  neck,  and 


at  tht'  other  end  with  anotlier  clamp  that  holds  tlie  tail 
of  the  animal.     This  liolder  is  shown  in  Fig.  44.     For 
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larj^T  aDiraals  the  form  of  holder  shuwn  in  Fig.  44  is 
cutiimonly  used. 

A  very  eimpte  and  useful  holder  for  guinoa-pigs  con- 
sists of  a  metal  cylinder  of  about  .5  cm.  diameter  and 


Tbe  Toges  bolder 


about  13  cm.  long,  closed  at  one  end  by  a  perfiirat^d 
cap  of  either  tin  or  wire  netting.  Along  the  side  of 
this  box  is  a  longitudinal  slit  12  mm.  wide  that  runs  for 
9.5  em.  from  within  0.5  cm.  of  ihe  open  extremity  of 
the  cylinder.     The  animal  is  placed  in  such  a  cylinder 
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witli  iti^  licud  to^vard  the  perforated  bottom.  It  \&  tliL-n 
c^asily  pos^ibk-  to  make  Bubcutancous  inoculatioD  by 
taking  up  u  bit  of  Kkin  through  the  slit  in  the  side  of 
the  l)ox,  or  to  make  intraperitoneal  injection  by  drawing 
thL'  jwsterior  extremities  sliglitly  from  the  box  aud 
holding  tliem  eteady  betweeu  the  index  and  second 
iinger,  aa  seen  in  Fig.  45.  It  is  aleo  very  convenient 
for  use  when  the  rectal  tenijwrature  of  these  small  ani- 
mals is  to  be  taken.  The  manipulations  can  easily  be 
made  without  the  aid  of  an  assistant.  Its  eonstmction 
is  seen  in  Fig.  46.' 

For  ortUnary  sitboutaneoim  inoculations  at  the  root 
of  the  tail  in  mice  ii  simple  ap|>aratus  consists  of  a 
piwe  of  board  about  7  x  10  t-m.  and  2  cm.  thick, 
upon  which  is  tacked  a  hollow  truncated  cone  of  wire 
gauze,  about  6  cm.  long  and  about  1.5  cm.  in  diamotcr 
at  one  end  and  2  cm.  at  its  other  end.     This  is  tacked 


Mouse-holder,  n 


II  proper  poslllcm. 


Upon  the  boanl  in  such  a  poisition  that  its  long  axis  is 
in  the  long  axis  of  the  boanl,  being  equidistant  from  its 
sides.  Its  small  end  is  placed  at  the  pdge  of  the  boanl. 
The  mouse  is  taken  up  by  the  tail  by  means  of  a  \w\t 


A  hintatviikuiide,  ISte.  Bd.  iriii. 
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of  tongs  and  allowed  to  crawl  into  the  smaller  end  of 
the  wire  cone.  When  so  far  in  that  only  the  root  of 
the  tail  projects  the  animal  is  fixed  in  this  position  by 
a  clamp  and  thumb-screw,  with  which  the  apparatus 
(Fig.  46)  is  provided.  The  animal  usually  remains  per- 
fectly quiet  and  may  be  handled  without  difficulty. 

The  hair  over  the  root  of  the  tail  is  to  be  care- 
fully cut  away  with  scissors  and  a  pocket  cut  through 
the  skin  at  this  point.  The  inoculation  is  then  made 
into  the  loose  tissue  under  the  skin  over  this  part  of  the 
back  in  the  way  that  has  just  been  described.  It  is 
always  best  to  insert  the  needle  some  distance  along  the 
spinal  column,  and  thus  deposit  the  material  as  far  from 
the  surface-wound  as  possible. 

As  the  subcutaneous  inoculation  is  very  simple  and 
takes  only  a  few  moments,  guinea-pigs,  rabbits,  and 
pigeons  may  be  held  by  an  assistant.  The  front  legs  in 
the  one  hand  and  the  hind  legs  in  the  other,  with  the 
animal  stretched  upon  its  back  on  a  table,  is  the  usual 
position  for  the  operation  when  practised  upon  guinea- 
pigs  and  rabbits.  The  point  at  which  the  inoculatioas 
are  commonly  made  is  in  the  abdominal  wall,  either  to 
the  right  or  left  of  the  median  line  and  about  3  cm. 
distant.  When  pigeons  are  used  they  are  held  with  the 
legs,  tail,  and  ends  of  the  wings  in  the  one  hand,  and 
the  head  and  anterior  portion  of  the  body  in  the  other, 
leaving  the  area  occupied  by  the  pectoral  muscles,  over 
which  the  inoculation  is  to  be  made,  free  for  manipu- 
lation. In  the  case  of  fur-bearing  animals  the  hair  over 
the  {)oint  selected  for  the  inoculation  should  l)e  closely 
cut  with  scissors,  and  from  a  small  area  the  feiithers 
should  be  plucked  in  the  case  of  birds. 

IxjEcrnoN  INTO  TiiK  Circulation. — It  is  not  in- 
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frequently  <k«iiUi1t!  to  injvct  tfae  tnatcrbl  under  ooarid- 
eratioo  directly  into  the  cinmlatiifti  of  an  siuduI.  If 
a  rabbit  is  employe)  tor  llii-  purpuee,  tbo  opcmlion  is 
ueually  done  iipiiii  tme  ol'  tbe  vein;'  in  ibe  ear.  To  tbuse 
wbu  have  liad  nu  pra<aice  witli  thii^  pnicwiare  it  uffers  a 
gn-at  luauy  difficulties ;  but  if  tbc  dinvtioDS  wlutrb  will 
be  given  arc  strictly  ob^rvetl,  tbe  great(«t  of  t)ie;% 
obstacles  to  the  succtiMrul  peribnnancc  of  the  opt^mtitm 
may  be  overcome. 

When  viewing  the  c-iKuluiiun  in  the  car  of  the  rabbit 
by  transmitted  light  three  coDspicuous  branches  of  the 
main  vessel  (rciia  auncularit  posterior)  will  be  seen, 
One  runs  nbonl  centrally  in  the  long  axis  of  the  ear, 
one  runs  along  its  anterior  margin,  and  one  along  its 
posterior  margin.  The  central  branch  {ramus  anterior 
of  the  tTHfl  auricularis  posterior)  k  the  largest  and  most 
conspicuoua  vessel  of  the  ear,  and  is,  therefore,  believed 
by  the  ineitperiencod  to  be  the  branch  into  which  it  would 
appear  easiest  to  insert  a  hypodennic  needle.  This, 
however,  is  (allacit»iLS.  This  vessel  lies  very  loosely 
imbedded  in  connective  tissue,  und,  in  i-Borts  to  intro- 
duce a  needle  into  it,  rolls  about  t**  such  an  extent  that 
only  after  a  great  deal  of  difficulty  <Io(«  the  experiment 
socwwd.  On  the  other  hand,  the  posU'rior  branch  (ramug 
lalrraJig  pofitrior  of  the  venn  auricularis  postrrioj-)  is  a 
XCTT  fine,  delieatfi  vessel  which  runs  along  the  posterior 
B  of  the  tar,  and  is  so  firmly  fixed  in  the  dense 
which  surround  it  that  it  is  prevented  from 
nnde^r  tlie  jtoint  of  the  needle.  The 
r  from  the  mouth  of  the  vessel -i-tli at  is,  the 
I  its  capillary  extremity — the  more 
t  tke  conditions  for  the  success  of  the 
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After  shaving  the  ear  and  carefully  washing  it  with 
clean  water  select  the  very  delicate  vessel  lying  quite 
close  to  the  posterior  margin  of  the  ear,  and  make  the 
injection  as  near  to  the  apex  of  the  ear  as  possible.  At 
times  the  vessels  of  the  ear  w  ill  be  found  to  contain 
so  little  blood  that  they  are  hardly  distinguishable, 
making  it  very  difficult  to  introduce  the  needle  into 
them.  This  is  sometimes  overcome  by  pressure  at  the 
root  of  the  ear,  causing  stasis  of  the  blood  and  distention 
of  the  vessels.  A  very  satisfactory  method  of  causing 
the  veins  to  become  prominent  is  to  press  lightly  or 
prick  gently  with  the  point  of  a  needle  the  skin  over 
the  vessel  to  be  used.  In  a  few  seconds,  as  a  result  of 
this  irritation,  the  vessel  will  have  become  distended 
with  blood,  and  readily  distinguishable  from  the  sur- 
rounding tissue;  it  may  then  be  easily  punctured  by 
the  needle  of  the  syringe.  A  sharp  flick  with  the 
finger  will  oflx?n  produce  the  same  result.  The  injection 
is  always  to  be  made  from  the  dorsal  surface  of  the  ear. 

Of  no  less  importance  than  the  selection  of  the  proper 
vessel  is  the  shape  of  the  point  of  the  needle  employed. 
The  hypodermic  needles  as  they  come  from  the 
makers  are  not  suited  at  all  for  this  operation,  because 
of  the  manner  in  which  their  points  are  ground.  If 
one  examine  carefully  the  point  of  a  new  hypodermic 
needle,  it  will  be  seen  that  the  long  point,  instead  of 
presenting  a  flat,  slanting  surface  when  viewed  from  the 
side,  has  a  more  or  less  curved  surface.  Now,  in  efforts 
to  introduce  such  a  needle  into  a  vessel  of  very  small 
e-alibre  it  is  usually  seen  that  the  point  of  the  needle, 
instead  of  remaining  in  the  vessel,  as  it  would  do  were 
it  straight  (or  "chisel  pointeil''),  very  commonly  pro- 
jects into  the  opposite  wall ;  and  as  the  needle  is  inserted 
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furtbfr  1111(1  further  it  ia  usuully  piislicd  llimiigli  tlic 
vessel-walls  info  tho  loose  tissues  WyomI,  and  the 
material  to  be  iujeetod  is  depositwl  in  tliese  tisHnea, 
instead  of  into  the  circulation.  If,  on  tlio  contrary, 
the  slantiiig  point  of  the  needle  be  ^imuikI  until  its  sur- 
faee  is  perfectly  flat  when  virwc«i  from  the  side,  and  no 
cnr\'atnre  exisl?,  then  when  ouee  insertetl  it  itsiially 
remains  within  the  vessel,  an<l  there  is  no  tendency  tn 
j)enetratc  tlio  oppaaite  wall.  AA'o  never  nse  a  new  liy]«>- 
derniid  needle  until  its  point  is  carefully  ground  tn  a  per- 
fwtly  flat,  slanting  snrfaeewith  no  enrvalnre  whatever. 
These  differences  may  perhajis  Ik.  more  easily  imder- 
stood  if  n'prcscnted  d iagmm mat i rally.     In   Fig.  47,  ri 
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Hypodermic needlea.DUgnlSed.  (Llmproper  point,  h.  Proper ihRpearpolnt. 

ttie  needle  has  the  point  usually  seen  when  new.  In  Fig, 
47,  6,  the  ptiint  has  been  ground  to  the  ehapc  best  suited 
for  this  opi-ration.  The  needles  need  not  be  returned 
to  the  maker.  One  can  grind  them  to  the  shape  desired 
in  a  few  minutes  upon  an  oilstone.  The  size  of  the 
needle  is  tliat  commonly  employed  by  physicians  for 
dubcntaneous  injections  in  human  beings. 

When  the  operation  is  to  l»e  performed  an  assistant 
holds  the  animal  gently  Imt  firndy  in  the  crouching 
position  upon  a  table.  If  the  animal  does  not  remain 
fpiiet,  it  is  best  to  wnip  it  in  a  towel,  so  (hat  only  its 
heed   protnides ;   thougli  in  must  cases  we  have   not 
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foiiiul  this  necessary,  particularly  if  the  animal  has  not 
been  excited  prior  to  lx»ginning  the  o{>eration. 

Ths  ear  in  which  the  injection  is  to  be  made  should  be 
shaved  clean  of  hair  by  means  of  a  razor  and  soap  and 
then  washal  with  water.  It  is  unnecessary  to  attempt 
disinfection  of  the  skin. 

The  animal  should  be  placed  so  that  the  prejiared 
ear  comes  between  the  operator  and  the  source  of  light. 
This  renders  visible  by  transmitted  light  not  only  the 
coarser  v(»ssels  of  the  ear,  but  also  their  finer  branches. 

The  filled  hypodermic  syringe  is  taken  in  one  hand 
and  with  the  other  hand  the  ear  is  held  firmlv.  The 
point  of  the  needle  is  then  inserted  through  the  skin 
and  into  the  finest  part  of  the  ramus  posteriory  the  part 
nearest  the  apex  of  the  ear,  where  the  course  of  the 
vessel  is  nearly  straight.  When  the  point  of  the  needle 
is  in  this  vessel  it  gives  to  the  hand  a  sensation  quite 
different  from  that  felt  when  it  is  in  the  midst  of  con- 
nective tissue.  As  soon  as  one  supposes  the  point  of 
the  needle  is  in  the  vessel  a  drop  or  two  of  the  fluid  may 
be  injected  from  the  syringe,  and,  if  his  suspicions  are 
correct,  the  circulation  in  the  small  ramifications  and 
their  anastx)moses  will  rapidly  alter  in  appearance — 
i.  €,,  the  circulating  blood  will  be  displaced  very  quickly 
by  the  clear,  transparent  fluid  that  is  being  injectwl.  At 
this  stage  one  must  proceed  very  carefully,  for  some- 
times when  the  needle-point  is  not  actually  in  the  ves- 
sel, but  is  in  the  lymph-spaces  surrounding  it,  an  ap- 
pearance somewhat  similar  is  seen.  This  may  always 
be  differentiated,  however,  by  continuing  the  injection, 
when  the  flow  of  clear  fluid  through  the  vessels  will  not 
only  fail  to  take  the  place  of  the  circulating  blood,  but 
at  the  same  time  a  localized  swelling,  due  to  an  accu- 
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niulutkin  of  the  flui<l  injected,  will  appear  under  theJ 
skiu  about  the  poiut  of  tlie  needle.     The  needle  must  ^ 
then  be  withdrawn   and   inserted   into  the  yewel  at  a 
point  a  little  neurer  its  proximal  end. 

Care  must  be  taken  that  nn  air  is  inject4?d. 

Till!  hjixKienuiu  syiln^  and  needle  must,  previdus  | 
t<)  opcmtion,  have  Ixi'n  carefully  stcrilisied  in  the  ftteam  i 
Hl4.Tilizer  or  in  boiling  \vat<T.  The  animal  mnst  be  kept  j 
under  close  observation  for  ulKiiit  an  hour  after  injection.  I 

The  operatiuu  is  one  that  cannot  be  learned  from   i 
verbal  deacription.     It  can   only  Ije  successfully  per-  ' 
formed  after  actual  iiracticc.      If  the  precautions  which 
have  Ijeen  uicntioned  are  observed,  but  little  difficulty 
in  pt'rforming  the  ojtcration  will  be  experienced. 

It»  greater  convenience  and  simplicity,  as  compared 
with  other  methudis  for  the  introduction  of  substances 
into  the  circulation,  cunmicnd  it  as  a  technical  procedure 
with  which  to  make  one's  self  familiar.  The  animals 
sustain  practically  no  wound,  they  experience  no  suffer- 
ing— at  least  they  give  no  evidence  of  pain — and  no 
un»!)thctic  is  required. 

The  form  of  syringe  best  suited  for  this  operation  is  | 
of  the  ordinaiy  design,  but  one  that  permits  of  thorough 
sU'rilization  by  steam.  It  should  be  made  of  glass  and 
metal,  with  packings  that  may  lie  sterilized  by  steam 
without  injur)-.  The  syringes  .commonly  employed  are 
those  shown  in  Fig.  48. 

For  operations  requiring  exact  dosage  experience 
1ms  led  me  to  prefer  a  syringe  after  the  pattern  of  C, 
in  Fig.  48 — i.  e.,  the  form  commonly  used  by  phj'si- 
cittus.  The  n-ason  for  this  is  as  follows:  in  making 
injections,  either  into  the  circulation  or  under  the  skin, 
there  is  a  certain  amount  of  resistance  to  the  passage  of 
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^1  fltiid  from  the  needle.  If  one  overcomes  ihia  resistance  ^^H 
^H  by  means  of  a  enshion  of  compressed  air,  as  is  the  case  ^^H 
^1  in  syringes  .1  and  B,  Fig.  48,  the  sndden  expansion  ^^H 
^H  of  the  air  in  the  body  of  the  syringe  when  resistance  ia  ^^H 
^H  overcame  frf^iuently  cuiisog  a  Inrgrr  amount  nf  fluid  to  ^^^| 
■        Ik-  injC'U'd  than  i.s'd(>siml.     No  surli  accident  U  lil^cly      ^H 

kiL=»rl^^F-ML^       ■ 

^^^M  FiirmH  iif  hypiKlrnnli' i^ringe.  ^^^^| 
^^^B               .1.  Koob'ssfiliigv.    b   Syringe  iifStrDliH'lu'iii.    C  Oi-prlni^k'i  Torm.                 ^^^^| 

^H  to  occur  when  the  fluid  is  forced  from  the  barrel  of  the  ^^| 
^^M  syringe  by  the  head  of  a  duHe-fitting  piston,  with  no  air  ^^^| 
^H  intervening  between  the  fluid  and  the  head  of  the  piston.  ^^H 
^H  With  sneh  an  instrument,  properly  manipniatod,  the  ^^H 
^H  dose  can  always  be  controlled  witli  accuracy.  ^^H 
^H  InOCTLATION  INT<»  tub  LYMPHATIf;  Cllinni-ATION.  ^^H 
^H  — Fluid  cultures  or  ewpenBions  of  bacteria  may  be  in-  ^^| 
^H  jected  into  the  Ij-mphntics  by  way  of  the  testicles.  The  ^^H 
^H  operation  is  in  no  wise  complicated.  One  simply  plunges  ^^| 
^H  the  point  nf  the  hypodermic  nee<11c  din-ctly  into  the  sub-  ^^| 
^^B  stance  of  the  testicle  and  then  injects  the  amount  desired.  ^^^| 
^H  Injections  made  in  this  manner  ar(>  sometimes  follows)  ^^| 
^^M  by  interesting  pathological  lesions  nf  the  lymphatic  ^^^| 
^^M       apparatus  of  the  abdomen.                                                      ^^^| 
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IN(K1II,ATI(iN    INTI)  THE   GUEAT   SeIHUIS  C'AVITIHS 

— Inoculation  into  the  pcrUoneum  pwHentB  no  difficulties 
if  fluids  arc  to  Ik  inlroduueU.  In  this  cuse  one  makes, 
with  a  pair  of  Htcrilized  scissors,  a  small  nick  through 
the  skin  down  to  the  underlying  fasriso,  and,  taking  a 
fiiid  of  the  alKloininal  wall  lietwecn  the  fing*TB,  pliiiigcB 
the  liypodcmiic  nc«lle  tliroiigh  tlic  ojM'ning  just  made 
directly  into  tlu'  [K-ritoneal  cavity.  There  is  little  or  no 
danger  of  penetrating  the  intcHtines  or  other  internal 
viscera  if  the  puncture  he  made  along  the  median  line 
at  about  midway  between  the  end  of  the  sternum  and 
the  symphyBiB  pubis.  Though  this  may  seem  a  rude 
method,  it  is  rare  that  the  intostines  are  penetrated  or 
()therwise  injured.  The  object  of  the  primary  incision 
in  to  lessen  the  chances  of  contamination  by  bacteria- 
located  in  the  wkin,  sonic  of  which  might  adhere  to  the 
neoille  if  it  were  plnnge<l  <lirectly  through  the  skin,  and 
thus  complicate  the  results. 

If  solid  substances,  bib^  of  tissue,  et<^!.,  arc  to  be  intro- 
duced into  the  peritoneum,  it  becomes  nceeesary  to  con- 
duct the  operation  upon  the  lines  of  a  laparotomy. 
Tile  liair  should  bo  shaved  from  a  small  area  over  the 
median  line,  after  vthich  the  skin  is  to  be  thoroughly 
washed.  A  short  longitudinal  incision  (al>out  2  em. 
long)  is  then  to  l>c  made  in  the  median  line  through  the 
akin  and  down  to  the  fascifc.  Two  siibtrntaneous 
sutures,  as  em])loyed  by  Halstcd,  are  then  to  lie  intro- 
ducwl  transversely  t*"  the  line  of  incision  about  1  cm. 
njtart,  and  their  ends  left  loose.  This  particular  sort  of 
sutun>  does  not  {wss  through  the  skin,  but,  instead,  the 
needle  is  intnxhieed  into  the  su1>eataneous  tisAues  along 
tlie  edge  of  the  incision.  In  ibis  ease  they  are  to  pjiss 
into  the  abdominal  cavity  and  out  again,  entering  at  one 
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aide  of  the  lino  of  incision  and  leaving  at  the  other, 
as  indicated  l»y  the  solid  and  dottwl  lines  in  Fig,  49. 
(The  figure  imlic^tes  the  primary  opening  through  the 
skin.    The  longitudinal  dotted  line  show»  the  opening  to 


l)I»grttn 

be  made  into  the  ahdonien  ;  the  transverse  dotted  lines, 
with  their  loose  ends,  represent  ttie  sutures  as  placed 
in  position  brfort  tJic  aMomen  is  openeil ;  it  will  be  seen 
thut  thcBO  sutures  tn  all  cases  pass  through  the  subcuta- 
neous tissues  tmli/  and  do  not  jM-netnite  the  skin  proper.) 
The  ojiening  tliroiigh  the  remaining  layers  may  now 
be  completed  ;  the  bit  of  tissue  is  deposited  in  tlie  peri- 
toneal cavity,  under  precautions  that  will  exclude  all 
else,  the  ed^s  of  the  wound  dniwn  evenly  and  gently 
tt^ether  by  tyinj*  the  sutures,  and  the  lines  of  incision 
dressed  with  collodion.  It  should  be  needless  to  say 
that  this  o(H'ration  muf  t  lie  ofindnetcd  under  the  strictest 
precautions,  to  avoid  complications.  All  instruments, 
Huturefi,  ligatures,  etc.,  must  be  carefully  sterilized  either 
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in  the  steam  jfterilinT  f'W  twrnh-  tninates,  nr  br  btiUiiig 
in  2  |KT  '•vM.  mxlirjni  cariK^nate  ^oluiion  fur  Ken  min- 
nlM ;  tlip  band^  urtbc  opi-rator,  tbot^  tber  ^^lould  not 
toacb  the  wound,  mtut  be  carefiillr  cleaib«d,  and  Uw 
material  tf>  be  inlnMlocet)  into  the  abdomen  ehonid  be 
ItandlMl  with  only  i^terilued  instruntentti. 

Inotrulatitin  mtu  the  pleural  catnty  is  mncb  less  ftv- 
<|ueutly  nHfuirMl — in  fat't,  it  is  not  a  roatine  method. 
It  ijt  not  )flity  til  eul>-r  tin-  ploura)  (.-avily  wiih  a  liypo- 
ilttrmii-  tu-Ofllr  without  injiiring  the  hiu};,  anil  it  \»  rare 
tliat  (vmdition!'  uiH  fur  tlie  iiitrrKluL-tioD  of  rMilid  parti- 
elun  into  liiiK  locality. 

Iiwmdtiirm  into  the  itnirrior  ehambtr  of  Ihr  rye  is  per- 
foniiMl  by  making  a  pimetitre  through  the  cornea  just 
in  f'rcmt  ufitfjimi^tion  with  the  .«clerutio,  the  knife  being 
powH^  into  the  anterior  i^hamber  In  a  plunc  parallel  to 
the  plane  of  the  iris.  Ity  the  aid  of  a  fine  pair  of  for- 
ceps the  bit  of  tiiMiic  in  {kwuhI  tliMiigh  the  opening  thus 
matte  and  in  tli'iHixitiil  \i\itm  the  irii<,  where  it  \a  allowed 
to  remain,  iind  where  its  ))alh(^>nie  activities  upon  the 
in*  can  Ik-  ivinvniiently  stndiwl.  It  itt  u  miKlc  of  iaot^ 
Illation  of  vcrj'  Iimit(.-<1  u]>pli(ution,  and  if  tlioR'fore  but 
rarely  pnirtiiH-d.  It  was  enijiloyed  in  the  eIa.'<Hi4al 
exjKTiiii'ntM  of  (.'ohnheim  in  demonstrating  the  infec- 
tious tiiitiire  of  tldx'rciilons  tiarines,  tnlx-reulods  of  the 
irix  iK-ing  the  i^n»t»nt  reHiiIt  of  the  intrtxltietion  of 
tnl>enniloim  tiwtue  into  the  anterior  ehamber  of  the  eye 
of  mhbitH. 

(JHHKI{VATir)S    OK    AXIHAIA     AFTER     InOTL'I.ATION. 

— After  either  of  thenc  methoda  of  inoeiilation,  iiarticu- 
hirly  when  iinkimwn  fijxH'ics  uf  bacteria  are  lteingtestc<l, 
the  uninml  if  U'  lie  kept  under  eoa-^tant  ohscrvation  and 
all  d«viHtion»  from  the  uomiul  are  to  be  carefully  noted 
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— an,  tur  iDBtanco,  elevation  of  tempt;ratiire ;   loss  of 
weight;  {HHiiiliur  ]H>Hition  in  tlie  caf^o  ;  loss  [>f  u|)petite; 


poiighening  of  the  hair;  exceasive  secretioiiw,  from  either 
the  air-pas8afj09,  conjunctiva,  or  kidneys;  lonsenefw  of  or 
hemorrhage  from  t)ie  howels ;  tumefaction  or  reaction  at 
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gite  of  iii»i;uliitu>n,  ete.     If  deatb  etiKUo  in  from  two  to      ^^^| 
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evidence  of  t-itht-r  aciitt-  spptic  or  tosic  piwcii.'ios  will 
found.     It  Bom.;tinic«  occurs,  liowever,  tliat  inociilati 
results  in  the  production  of  clirouic  conditions,  and  tl 
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annual  must  be  kept  under  obscn'ation  often  for  weeks. 
In  theHe  coses  it  is  important  to  note  tlie  prugresB  of 


the  disease  by  its  effect  upon  tbe  physiciil  con<lition  of 
the  animal,  viz.,  upon  the  nutritive  processes,  as  evi- 
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denced  by  lluutuation  in  weight,  am!  ujmjii  tlie  Iwidy- 
t«iDperature.     For  t)ii»   purpose   the   imiiiml    is  to  Ira 


weiglied  <laily,  always  at  abuiit  tlio   same  hour  and 
always  about  midway  bctw<^ell  the  liours  of  feeding ; 
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at  the  same  time  its  temperature,  as  indicated  by  a 
thermometer  placed  in  the  rectum,  is  to  be  recorded.* 
By  comparison  of  these  daily  observations  the  ob- 
server is  aided  in  determining  the  course  the  infection 
is  taking. 

Too  much  stress  must  not,  however,  be  laid  upon 
moderate  and  sudden  daily  fluctuations  in  either  tem- 
perature or  weight,  as  it  is  a  common  observation  that 
presumably  normal  animals  when  confined  in  cages  and 
fed  regularly  often  pres(»nt  very  striking  temporary 
gains  and  losses  in  weight,  often  amounting  to  50  or 
100  grammes  in  twenty-four  hours,  even  in  animals 
whose  total  weight  may  not  exceed  500  or  600  gammes ; 
similarly  unexplainable  rises  and  falls  of  temperature, 
often  as  much  as  a  degree  from  one  day  to  another,  are 
seen.  Such  fluctuations  have  apparently  no  bearing 
upon  the  general  condition  of  the  animal,  but  are  prob- 
ably due  to  transient  causes,  such  as  overfeeding  or 
scarcity  of  food,  improper  feeding,  lack  of  exercise, 
excitement,  fright,  etc. 

The  accompanying  charts  (Figs.  50,  51,  52,  53)  will 
serve  to  illustrate  some  of  these  points.  The  animals, 
two  rabbits  and  two  guinea-pigs,  were  taken  at  random 
from  among  stock  animals  and  placed  each  in  a  clean 
cage,  the  kind  used  for  animals  under  experiment,  and 
kept  under  as  good  general  conditions  as  possible.  For 
the  first  week  the  rabbits  received  each  100  grammes 
of  green  food  (cabbage  and  turnips)  daily,  and  the 
guinea-pigs  30  grammes  each  of  the  same  food.    During 


*  The  thermometer  must  be  inserted  into  the  rectum  beyond  the 
grasp  of  the  sphincter,  otherwise  pressure  upon  its  bulb  by  contraction 
of  this  muscle  may  force  up  the  mercurial  column  to  a  point  higher 
than  that  resulting  from  the  actual  body-temperature. 
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tlie  secdiul  wwk  this  tlailv  amoiint  of  OkkI  was  tloiiblwt ; 
(luring  the  tliinl  week  it  wa»  t|iia<1ni])ltKl ;  and  fur  the 
futirtli  and  fifth  weeks  tiiey  eatjh  received  an  excess  of 
fwHl  daily,  consisting  of  green  vegetahles  and  grains 
(oats  and  eorii).  By  refercnee  to  the  charts  sudden 
diiirnnl  Hiietuations  in  weight  will  be  observed  tlwt  I 
do  not  correspond  in  all  instances  with  Kcareity  or  suf- 
ficiency of  fbod.  With  the  rabbits  there  is  a  gradual 
loss  of  weight  with  the  smaller  amounts  of  food,  which 
losses  are  not  totally  recovered  an  the  food  is  increased. 
With  the  guinea-pigs  there  is  likewise  at  first  a  loss; 
but  afU-r  a  short  time  the  weight  remains  tolerably  con- 
stant, and  is  not  ro  eonspiciioiisly  afTetrtud  by  the  increase* 
in  food  as  one  tni^ht  cxjxvt.  From  the  recordwl  tem- 
]>eratures  one  sees  ihc  j)eculiar  fluctuations  mentioned. 
To  just  what  they  an*  due  it  is  inipusKible  to  say.  It 
is  manifest  that  the  normal  temperature  of  tliese  animals, 
if  we  can  speak  of  a  normal  ttniperatiire  for  animals 
presenting  such  fluctuations,  is  about  a  degree  or  more, 
Centigrade,  higher  tlian  that  of  human  beings.  The 
animals  from  which  these  charts  were  made  were  not 
inoculated,  nor  were  they  subjected  to  any  <)penitive 
proranlures  whatever,  the  only  ileviations  from  normal 
conditions  iR'ing  the  variations  in  the  daily  amount  of 
food  given. 

In  certain  instances,  however,  then-  will  be  notice<l 
a  constant  tendency  to  diminution  in  weight,  notwith- 
standing the  daily  flnettuitions,  and  aflcr  a  time  a  con- 
dition i>f  extreme  emaciation  may  be  reached,  the 
animal  often  being  redutjwl  to  from  M  to  60  per  cent, 
of  its  original  weight.  In  other  oases,  aftj^r  inoculations 
to  which  the  animal  is  not  susceptible,  rabbits  in  par- 
ticular, if  properly  fed,  will  fretinently  gain  steadily  in 
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weight.  The  condition  of  progressive  emaciation  just 
mentioned  is  conspicuously  seen  after  iutnivenous  inoc- 
ulation of  rabbits  with  cultures  of  bmnUus  typhi  ab- 
domincdia  and  of  bdcterium  coli  commune j  referred  to 
in  the  chapter  on  the  latter  organism^  and  if  looked 
for  will  doubtless  be  seen  to  follow  incxuilation  with 
other  organisms  capable  of  pnxlucing  chronic  forms 
of  infection,  but  which  are  frequently  considered  non- 
pathogenic because  of  their  inability  to  induce  acute 
cimditions.  Not  infn»quently  in  chronic  infections  then? 
may  be  hardly  any  marked  and  constant  temi)erature- 
variations  until  just  l)efore  death,  when  sometimes  there 
will  be  a  rise  and  at  other  times  a  fall  of  temperature. 
In  the  majority  of  cases,  however,  one  must  be  very 
cautious  as  to  the  amoitnt  of  stress  laid  ujwn  changes 
in  weight  and  temperature,  for  unless  they  are  progres- 
sive or  continuous  in  one  or  another  direction  they  may 
have  little  or  no  significance  as  indicating  the  existence 
or  absence  of  disease. 


CHAPTER    XIII. 

Poet-tDcirtem  esamiiiittiou  of  uniuuils— BnrMrioUigicii]  cxaiuiDuUul)  oT* 
the  tiflflaeit — Diapusnl  vf  tusuos  nod  <liEiiiif(H.'liuD  nf  iuKlninienla 
after  tbe  eiaminBtiuu—SIiid;  of  tissues  unci  cxudalcs  during  life. 

DuRnfo  baoUTiological  exaniiuation  of  the  tissues 
of  dead  aniniak  certaUi  pret-autiona  must  be  rigidly 
obfierved  in  order  to  arrive  at  corrcrt  ctoncltisions. 

Tlie  autopsy  should  be  made  as  soon  as  pOHsible 
after  death.  If  delay  eaiinot  Iw  avoided,  the  animal 
should  be  kept  on  ice  until  tbo  examination  ran  be 
luiule,  otherwise  decomposition  sets  in,  and  the  sapro- 
phytic baeteria  now  prewnt  may  interfere  with  the 
accuracy  of  results.  When  tlic  autopsy  is  to  be  made 
the  animal  is  first  inspected  externally,  and  all  visible 
lesions  uot4'd.  It  is  then  to  Ijc  Jixed  upon  its  back 
upon  a  Ixiard  with  nails  or  tacliM,  Tbe  tour  legs  and 
the  end  of  the  nose,  through  which  the  taeks  are  driven, 
are  to  lie  modcmtcly  extended.  Plates  aiv  now  to  be 
made  from  tbe  site  of  inoeiibition,  11'  thiii  is  siibeuta- 
ncous.  The  surfaces  of  tbe  tlinrax  and  abdomen  are 
then  to  be  moistened  to  prevent  the  fine  hairs,  dust, 
etc.,  fnim  floating  aliout  in  the  air  ami  interfering  with 
the  work.  An  inei»ion  is  then  made  through  the  skin 
from  the  eliin  to  the  symphyeis  ]iubis.  ThiB  is  only 
a  skin  incision,  and  dc-s  not  reach  deeper  than  the 
muscles.  It  is  best  done  by  first  making  with  a  sciilpel 
an  incision  just  lar^  enough  to  iH-rniit  of  the  intm- 
duction  of  uno  blade  of  a  blunt-pointvd  scissore.     It  is 
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then  completed  with  the  scissors.  The  whole  of  the 
skin  is  now  to  be  carefully  dissected  away,  not  only 
from  the  abdomen  and  thorax,  but  from  the  axillary, 
inguinal,  and  cervical  regions,  and  the  fore  and  hind 
legs  as  well.  It  is  then  pinned  flat  U|K>n  the  board 
so  as  to  keep  it  as  far  from  the  abdomen  and  thorax  as 
possible,  for  it  is  from  the  skin  that  the  chances  of 
contamination  are  greatest. 

It  now  becomes  necessary  to  proceed  very  carefully. 
All  incisions  from  this  time  on  are  to  be  made  only 
through  surfaces  tliat  have  been  sterilized.  The  sterili- 
zation is  best  accomplished  by  the  use  of  a  broad-bladwl 
table-knife  that  has  been  heated  in  a  gjis-flame.  The 
blade,  made  quite  hot,  is  to  be  held  upon  the  regi<m  of 
the  linea  all>a  until  the  tissues  of  that  n^gion  begin  to 
bum ;  it  is  then  held  transversely  to  this  line  over  about 
the  centre  of  the  abdomen,  thus  making  two  rtteriliz(Hl 
tracks,  through  which  the  abdomen  may  be  opened  by 
a  crucial  incision.  The  sterilizati<m  thus  accomplished 
is,  of  course,  directed  only  against  organisms  that  may 
have  fallen  upon  the  surface  from  without,  and  there- 
fore it  need  not  extend  deep  down  through  tlie  tissues. 
In  the  same  way  two  burned  lines  may  he  made;  from 
cither  extremity  of  the  transverse  line  up  to  the  top  of 
the  thorax. 

With  hot  scissors  the  central  longitudinal  incision 
extending  from  the  point  of  the  sternum  to  the  geni- 
talia is  to  be  nuide  without  touching  tlie  internal  vis- 
cera. The  abdominal  wall  must  therefore  ho  held  up 
during  the  operation  with  sterilizcMl  forceps  or  h(K>ks. 
The  cross-incision  is  made  in  tlu*  same  way.  When 
this  is  completed  an  incision  through  the  ribs  with  a 
pair  of  heavy,  sterilized    scissors   is   made   along   the 
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scorched  tracks  on  either  side  of  tlio  tlnirjx.  After  tills 
the  whole  anterior  wall  of  the  tliiirux  luay  eui^ily  be 
lift^^d  lip,  and  by  severing  the  ctinncotinns  with  the 
diuphragni  it  may  be  completely  removed.  When  this 
is  done  and  the  abdominal  flaps  lai<l  back,  the  contents 
of  both  cavities  are  to  be  ins}>ectcd  and  their  condition 
noted  without  disturbing  them. 

After  this  the  first  stejis  to  be  taken  are  to  prepare 
plat«<s  or  Esmarch  tubes  from  the  blood,  liver,  spleen, 
kidneys,  and  any  exudates  that  may  exist.     This  is  best 
done  as  follows :  Heat  a  walpel  quite  hot  and  apply  it 
to  a  small  surface  of  the  organ  from  which  cultures  are.  J 
to  be  made.     Hold  it  npon  the  organ  until  the  surface  J 
directly  beneath  is  visibly  scorched.     Then  remove  it,,| 
heat  it  again,  and  while  quite  hot  insert  its  ])(>int  through'.  [ 
the  capsule  of  the  organ,     Into  the  opening  thus  made  J 
insert  ii  sterilised  platinum  loop,  made  of  wire  a  litt 
heavier  than  that  commonly  employed.      Project  thifij 
deeply  into  the  tissues  of  the  organ ;   by  twisting  iu 
aI>out  enough  material   from  the  centR-  of  the  orgaH) 
can  be  obtained  for  making  the  cultures. 

As  the  resistance  offerinl  by  the  tissue  is  sometime^ 
too  great  to  permit  of  puncture  with  the  ordinary  wirt 
Iviop,  Nuttall '  has  devisetl  for  the  purpose  a  ))latinuin 
wire  spciir  wliieh  posses-ses  great  advantage  over  tb^l 
tivip,     [t  has  the  form  seen  in  Fig.  54.     It  is  easily^ 
mad<-  bv  lieating  a  piece  of  heavy  platinum  wire  into  a^ 
^nnir-hrad  at  one  cud,  and  {H'riuratiiig  tlii^  with  a  small 
^nlLa."  «vn  in  the  cut.     It  is  attiiehed  l»y  the  other  end 
tn  todtra  a  metal  or  glass  handle,  preferably  tlie  former. 
It  oumKBtv  Ih>  thrust  into  the  densest  of  the  soil  tissues, 
•IM^dMn  At  BlAtarioliigiu  null  Pfttsalenkunde,  1892,  Bd.  xj. 
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and  by  twisting  it  about  after  its  introduction  |>articles 
of  the  tissue  sufficient  for  examination  are  withdrawn 
in  the  eye  of  the  spear-head. 


FlO.  54. 


Nuttairs  platinum  spear  for  use  at  autopsies. 

Cultures  from  the  blood  are  usually  made  from 
one  of  the  cavities  of  the  heart,  which  is  always  punct- 
ured at  a  point  which  has  been  burned  in  the  way 
given. 

In  addition  to  cultures,  cover-slips  from  the  site  of 
inoculation,  from  each  organ,  and  from  any  exudates  that 
may  be  present  must  be  made.  These,  however,  are 
prepared  after  the  materials  for  the  cultures  have  been 
obtained.  They  need  not  be  examined  immediately, 
but  may  be  placed  aside,  under  cover,  on  bits  of  pa}x»r 
upon  which  the  name  of  the  organ  from  which  they  were 
prepared  is  written. 

When  the  autopsy  is  complete  and  the  gross  appear- 
ances have  been  carefully  noted,  small  portions  of  each 
organ  are  to  be  preserved  in  95  per  cent,  alcohol  for 
subsequent  examination.  Throughout  the  entire  au- 
topsy it  must  be  borne  in  mind  that  all  cultures, 
cover-slips,  and  tissues  must  be  carefully  labelled, 
not  only  with  the  name  of  the  organ  from  which 
they  originate,  but  with  the  date,  designation  of  the 
animal,  etc.,  so  that  an  account  of  their  condition 
aft;er  closer  study  may  be  subsequently  inserted  in  the 
protocol. 

The  cover-slips  are  now  to  be  stained,  n\ounted,  and 
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examine*!  inieroscopieallj',  and  the  rL'Siilte  carefully 
noted. 

The  same  care  with  i^gard  to  noting,  labelling, 
etc.,  should  be  exercised  in  the  subsequent  study  of 
the  cultures  and  the  hardened  tissues,  which  are  to  be 
stained  and  subjected  to  microscopic  examination.  The 
results  of  microscopic  study  of  the  cover-slip  prepara- 
tions and  of  those  obtainttd  by  cultures  should  in  most 
cases  correspond,  though  it  not  rarely  occurs  that  Ijac- 
teria  are  present  in  such  small  numlwrs  in  the  tissues 
that  their  presence  may  be  overlooked  microscopically, 
and  still  they  may  appear  in  the  cultures. 

If  the  autopsy  has  been  performed  in  the  proper 
way,  with  the  precautions  given,  and  sufficiently  soon 
after  death,  the  results  of  the  bacteriological  exami- 
nation should  be  either  negative  or  the  oi^nisma 
which  are  isolated  should  be  la  pure  cultures.  This  is 
particularly  the  case  with  cultures  made  from  the  inter- 
nal viscera. 

Both  the  cover-slips  and  cultures  made  from  the 
])uint  of  inoculatitin  are  apt  to  contain  a  variety  of 
organisms. 

If  the  organism  obtained  in  pure  culture  from  the 
internal  viscera,  or  thow  predominating  at  the  point  of 
inoculation  of  the  animal,  have  caused  ita  death,  then 
subsequent  inoculation  of  pure  cultures  of  this  oi^uism 
into  the  tissues  of  a  second  animul  should  produce  sim- 
ilar results. 

When  the  autopsy  is  quite  finished  the  remains  of 
the  animal  should  be  burned ;  all  instruments  subjected 
to  either  sterilization  by  steam  or  Iwiling  for  fifteen 
minutes  in  a  1  to  2  per  cent,  swla  srilution  ;  and  the 
board  upon  which  the  animal  was  tacked,  as  well  as  the 
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tacks,  towels,  dishes,  and  all  other  implements  used  at 
the  autopsy,  be  sterilized  by  steam.  All  cultures,  cover- 
slips,  and,  indeed,  all  articles  likely  to  have  infectious 
material  ujx)n  them,  must  be  sterilized  as  soon  as  they 
are  of  no  further  service. 

What  has  been  said  with  regard  to  the  study  of  dead 
tissues  obtained  at  autopsy  applies  equally  well  to  the 
bacteriological  study  of  tissues  and  exudates  obtained 
during  life.  In  the  latter  case,  however,  certain  pre- 
cautions are  always  to  be  observed.  In  the  first  place, 
it  is  desirable  to  obtain  the  materials  under  aseptic  pre- 
cautions, care  being  taken  that  no  disinfectant  fluids 
are  mixed  with  them.  They  should  be  subjected  to 
study  as  soon  as  possible  after  removal  from  the  body. 
In  the  case  of  tissues  that  cannot  be  examined  on  the 
spot,  they  should  be  placed  in  a  sterile  Petri  dish  or 
in  a  stoppered,  sterile,  wide-mouth(Kl  bottle  and  taken 
at  once  to  the  laboratory.  The  surface  should  then  be 
seared  with  a  hot  knife  and  an  incision  through  the 
seared  area  into  the  centre  made  with  a  knife  that  has 
been  sterilized  and  allowed  to  cool.  From  the  depths 
of  this  incision  enough  material  may  be  obtained  for 
microscopic  examination  and  for  the  preparation  of 
cultures.  Fluid  exudates  that  must  be  taken  to  the 
laboratory  should  be  collected  in  either  a  sterile  test- 
tube,  or,  better,  in  a  sterile  capillary  tube  that  is 
subsequently  sealed  at  both  ends  in  a  gas-flame. 
When  bacteriological  examination  of  the  blood  dur- 
ing life  is  required,  it  is  customary  to  obtain  the  neces- 
sary sample  of  blood  by  pricking  the  skin.  It  must 
b<^  remembered,  in  this  connection,  that  the  skin  usu- 
ally contains  a  number  of  species  of  bacteria  that 
17 
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arc  of  no  i»atliological  significanw  and  liave  notliing 
t*i  do  witli  the  disease  from  whicli  the  individiml 
Diay  be  suffering.  It  is  manifestly  essential  to  ex- 
elude  theae.  It  is  not  possible  to  exclude  them  cer- 
toinly  and  coniplotoly  under  all  cireurastanees,  without 
a  more  or  Ions  elaborate  proceduru ;  but  an  eSbrt  to  do 
so  should  always  be  nia<le.  As  a  rule,  the  greater  num- 
ber of  tliem  may  be  removed  from  tlie  skin  by  eareful 
washing  with  warm  water  and  soap  and  a  st^-rile  brush, 
after  which  the  skin  should  be  rinsed  with  alcohol  and 
allowed  to  dry  sjwntaneonsly.  The  drop  of  blood  may 
then  be  obtainod  from  tbc  skin  thus  cleaned  by  a  priek 
with  a  sharp,  sterilized  lancet.  The  presenw  in  the 
cultures  of  a.  staphylococcus,  growing  slowly,  with 
white  colonies,  is  a  frequent  experience,  and  does  not 
DecHtssorily  imply  tliat  titig  organism  bears  an  ctiult^cal 
relation  to  the  disease  from  which  the  individual  may 
be  suffering  (see  idaphyUKoccun  epidermidia  alhuit,  page 


In  the  study  of  many  of  the  common  diseases, 
notably  the  exanthemata,  both  at  autoju^y  and  during 
life,  by  the  motlifKls  above  outlined,  the  investigation 
often  yields  negative  ri^ults,  and  yet  there  is  every 
reason  for  believing  these  diseases  to  he  dependent  for 
their  existence  upon  invasion  of  the  Imdy  by  some  form 
or  another  of  living  niicro-oipinisniH,  capable  of  growth 
in  the  tiwues  and  susceptible  of  being  transniitte<l  from 
individual  to  individual,  either  directly  or  indirectly. 
In  this  connection  it  is  appropriulc  lo  call  attention 
to  the  novel  and  important  tcclinical  procedures  that 
have  been  employed  by  No<airiI  and  Roux'  in  their 
investigations  conducted  in  the  Pasteur  Institute  at 
'  Noard  aiid  Buux :  Aunales  de  I'luBtilut  ruteur,  Ajiri!  '£j,  IsBS, 
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Paris.  In  the  course  of  their  studies  upon  the  pleuro- 
pneumonia of  cattle,  a  disease  in  which  all  investigators 
had  hitherto  failed  to  detect  by  either  microscopic  or 
culture-methods  any  species  of  bacteria  that  might  rea- 
sonably be  regarded  as  the  causative  agent,  they  detected 
a  group  of  bodies,  apparently  bacteria,  of  such  infinitesi- 
mally  small  dimensions  as  entirely  to  escape  detection 
by  the  usual  methods  of  examination. 

The  results  of  Nocard  and  Roux  were  obtained  both 
through  the  adoption  of  special  methods  of  cultivation 
and  the  use  of  very  high  amplifying  powers  for  micro- 
scopic examination.  The  method  of  cultivation  was  that 
suggested  in  1896  by  MetchnikofF,  Roux,  and  Salimbeni,^ 
and  is  essentially  as  follows :  very  thin- walled,  small 
sacs  of  collodion  are  sterilized  by  steam,  filled  with 
bouillon,  inoculated  with  the  exudate  or  tissue  to  be 
tested,  sealed  with  sterile  collodion,  and  placed  in  the 
abdominal  cavity  of  an  animal  —  rabbit,  guinea-pig, 
chicken,  dog,  sheep,  or  calf,  as  the  case  may  require. 
The  wall  of  the  collodion  sac  is  impermeable  to  bac- 
teria or  to  leucocytes,  but  is  an  osmotic  membrane 
through  which  fluids  and  some  of  their  dissolved 
contents  readily  diffuse.  This  diffusion  supplies  the 
bacteria  within  the  sacs  with  such  matters  from  the 
living  fluids  of  the  animal  as  are  apparently  essential  to 
their  development,  while  at  the  same  time  the  bacteria 
develop  uninterruptedly,  being  protected  by  the  collodion 
membrane  from  the  antagonistic  action  of  the  fixed  and 
wandering  cells  of  the  tissues.  After  a  period  of  fnmi  a 
few  days  to  several  months  the  animal  is  sacrificed,  and 
the  sac  removed  from  the  peritoneal  cavity  and  its  con- 

*  Metchnikoff,  Koiix,  and  Salimbeni:  Annalesde  TlDstitut  Pftsteur, 
1896,  p.  257. 
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tents  Biibjected  to  microscopic  exaniiiiatimi.    This  latter  ' 
jMirt  of  tlie  work  was  unsiitisfactory  wlien  coD(iuctcd  with 
tht!  usual  combiiiatioDB  of  leneca  employed  in  bacterio- 
logical work.     Sati3fact4iry  examiiiatious  could  only  tie 
mude  by  tlic  use  of  very  high  magnifying  powers,  about 
2(X>0  diameters,  and  unusually  brilliant  illumination. 
When  conducted  under  tlicac  conditions  tlie  sacs  inoc- 
ulated with  matters  from  tlie  pulmonary  exudat«s  of 
plcuro-pneumonia  were  found  to  contain  numerous  mo- 1 
tile  points  or  dots  of  such  extremely  small  size  that  it-'V 
was  often  imptisaiblc  to  decide  as  to  their  exact  form.  I 
Control-sacs  not  inoculated,  but  kept  in  the  peritoneal  I 
cavity  of  the  same  animal,  manifistly  under  similar  con- 
ditions, did  not  reveal  the  presence  of  the  minute  bodies. 
In  referring  at  length  to  this  investigation  it  is  not 
my  purpose  to  discuss   the  object  of  it,  but  only  to 
direct  attention  to  this  novel  technique,  which  sccnw 
capable  of  much  wider  application.     There  is  a  group 
of  common  maladies,  such  as   mea-sles,  scarlet  fevers  j 
smallpox,  etc.,  of  the  etiology  of  which  we  know  notJi-1 
ing,   and   on   which    it   has   hitherto   been   impossible! 
to  shed  important  light  by  the  usual   bactoriologicala 
procedures.      Nocanl   and   lioux   have  apparently  re-'¥ 
vealMl  to  us  a  world  of  micro-oipiniBms  whose  existences 
has  hitherto  been  unsuspected,  and  it  is  not  unreason- 
able U*  suppose  that  it  is  among  this  group  that  we  are  1 
tji  neek  for  tlie  causative  agents  of  many  specific  dis-  I 
t<aM.-M  whose  etiology  is  as  yet  obscure.' 


APPLICATION   OF  THE   METHODS   OF 

BACTERIOLOGY. 


CHAPTER   XIV. 

To  obtain  material  with  which  to  begin  work. 

Expose  to  the  air  of  an  inhabited  room  a  slice  of 
freshly  steamed  potato  or  a  bit  of  slightly  moistened 
bread  upon  a  plate  for  about  one  hour.  Then  cover  it 
with  an  ordinary  water-glass,  place  it  in  a  warm  spot 
(temperature  not  to  exceed  that  of  the  human  body 
— 37.5°  C),  and  allow  it  to  remain  undisturbed.  In 
from  twenty-four  to  thirty-six  hours  there  will  be  seen 
upon  the  cut  surface  of  the  bread  or  potato  small, 
round,  oval,  or  irregularly  round  patches  which  present 
various  appearances.  These  differences  in  macroscopic 
appearance  are  due  in  some  cases  to  the  presence  or 
absence  of  color;  in  others  to  a  higher  or  lower 
degree  of  moisture ;  in  some  instances  a  patch  will  be 
glistening  and  smooth,  while  its  neighbor  may  be  dull 
and  rough  or  wrinkled ;  here  will  appear  an  island 
regularly  round  in  outline,  and  there  an  area  of 
irregular,  ragged  deposit.  All  these  gross  appear- 
ances are  of  value  in  aiding  us  to  distinguish  between 
these  colonies — for  colonies  they  are,  and  under  the 
same  conditions  the  organisms  composing  each  of  them 
will  always  produce  growth  of  exactly  the  same  ap- 
pearance.     It  was  just  such  an  experiment  as  this, 
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act; idcn tally  [■tfrforiiu'il,  timt  siiggcsUHl  to  Koi;li  a  mean 
of  Hi'jMir.iting  and  isiilating  in  pure  cultures  the 
puiieut  indiviiluuls  fruni    mixtures  of  btUiteria,  and  itj 
was  from  this  observation  that  the  methods  of  cultivR«j 
tion  on  solid  media  were  evolved. 

If,  without  nioiestiug  these  objects,  we  continue  I 
ohHervutioti3  from  day  to  day,  we  shall  notice  changes  1 
ill  the  colonies,  due  to  the  growth  and  multiplication  <rf  * 
the  individuals  composing  them.  In  some  cases  the] 
colonics  will  always  retain  their  sliarply  cut,  roi 
oval  outline,  and  will  increase  but  little  in  size  beyond 
tliat  reached  after  forty-oighl  to  seventy-two  hours ; 
whereas  others  will  spread  rapidly  and  quickly  overrun 
rile  surface  npon  which  they  are  growing,  and,  indeed, 
grow  over  the  smnllcr,  less  rapidly  developing  colonies. 
In  a  number  of  instances,  if  the  ol>servation  be  con- 
tinued long  enough,  many  of  these  rapidly  growing 
colonies  will,  after  a  time,  lose  their  lustrous  and  smooth 
or  regular  surface  and  will  show  here  and  there  eleva- 
tions, which  will  continue  to  appear  until  the  whole 
Hiirface  IxxNiraes  connpicuouwly  wrinkkd.  Again,  bul)- 
blca  may  be  not-n  scatteretl  through  the  tolonics.  These 
arc  due  to  the  escape  of  gas  resulting  from  fermentation, 
which  the  organisms  bring  about  in  the  medium  upon 
which  they  arc  growing.  Sometimes  peculiar  (xlors  due 
to  the  same  eaiist-  will  be  noticed. 

Note  wirefully  all  these  changes  and  apjicaninces,  as 
they  niUHt  Im?  employed  subsequently  in  ideutifving  the 
individual  organisms  from  which  each  colony  on  the 
medium  has  developed. 

If  now  wo  examine  these  colonies  upon  the  bread  or 
potalii  with  a  hand-leus  of  low  nmgnifving  poww,  we 
will  l>e  eiiubled  to  detect  diSercnces  not  noticeable  to 
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the  naked  eye.  In  a  few  eases  we  may  still  see  nothing 
more  than  a  smooth,  non-characteristic  surface ;  while 
in  others  minute,  sometimes  regularly  arranged  tiny 
corrugations  may  be  observed.  In  one  colony  they  may 
appear  as  tolerably  regular  lines,  radiating  from  a  cen- 
tral spot;  and  again  they  may  appear  as  concentric 
rings;  and  if  by  the  methods  which  have  been  de- 
scribed we  obtain  from  these  colonies  their  individual 
components  in  pure  culture,  we  shall  see  that  this 
characteristic  arrangement  in  folds,  radii,  or  concentric 
rings,  or  the  production  of  color,  is  characteristic  of  the 
growth  of  the  organism  under  tlie  conditions  first 
observed,  and  by  a  repetition  of  those  conditions  may 
be  reproduced  at  will. 

So  much  for  the  simplest  naked-eye  experiment  that 
can  be  made  in  bacteriology,  and  which  serves  to  furnish 
the  beginner  w^th  material  upon  which  to  commence  his 
studies.  It  is  not  necessary  at  this  time  for  him  to  bur- 
den  his  mind  with  names  for  these  organisms ;  it  is  suffi- 
cient for  him  to  recognize  that  they  are  mostly  of  differ- 
ent species,  and  that  they  possess  characteristics  which 
will  enable  him  to  differentiate  the  one  from  the  other. 

In  order  now  for  him  to  proceed  it  is  necessary  that 
he  should  have  familiarized  himself  with  the  methods 
by  which  his  media  are  prepared  and  the  means  em- 
ployed in  sterilizing  them  and  retaining  them  sterile — 
i.  e.y  of  preventing  the  access  of  foreign  germs  from 
without — otherwise  his  efforts  to  obtain  and  retain  his 
organisms  as  pure  cultures  will  be  in  vain. 

Exposure  and  Contactt. — Make  a  number  of  plates 
from  bits  of  silk  used  for  sutures,  after  treating  them 
as  follows : 

Place  some  of  the  pieces  (about  5  centimetres  long) 
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ill  u  sterilizer!  ti.st-liilH;,  and  sterilizf  them  by  streaming;B 
strain  for  one  lioiir  or  in  thti  autixdave  tiir  tiftL-en  mti^J 
utes  at  one  atmosphere  pi-cssiire.     At  tlie  end  of  thi 
sterilization  remove  ouo  piei"'  with  sterilizeil  fbn-eps  and" 
allow  it  to  bnisli  against  your  clothing,  then  make  a 
plate  from  it ;  draw  anotlier  piece  (tcross  a  dnsty  table 
and  then  plate  it.     Siiepeud  three  or  four  pieces  ui»n  a 
sterilized  wire  hook  and  let  them  hang  for  twenty  tnin- 
aten  Iree  iu  the  air,  being  sure  that  they  touch  nothing 
but  the  liook  ;  then  plate  them  separately. 

Note  the  results. 

Ill  what  way  do  these  experiments  differ  and  howl 
can  the  diflerenees  be  explained  ? 

Expose  to  the  air  six  Petri  dishes  into  which  eitl 
Htcrilized  gelatin  or  agar-^^r  has  l)eeii  poured  ant 
allowed  to  solidify ;  allow  them  to  remain  exposed  i 
five,  ten,  fifteen,  twenty,  twenty-five,  and  thirty 
utes  in  a  room  where  no  one  is  at  work.  Treat  a  a 
end  set  in  the  same  way  in  a  room  where  several  personl 
arc  moving  about.  Be  cnrefnl  that  nothing  touehes  tbei 
and  that  they  are  exitosed  only  to  the  air.  Each  di^ 
should  be  carefully  lal>elled  with  the  time  of  its  exposuH 

Do  they  present  different  rcBiilfs?     What  is  the  r 
son  fur  this  differi'nee? 

Which    predominate — colonies   resulting   from     thi 
growth  of  bacteria,  or  those  from  common  moulds? 

How  tlo  yon  account  for  this  condition  ? 

Sprinkle  a  little  fine  dust  over  the  surface  of  a  plal 
of  sterile  gelatin  or  agar-agar;  exunniie  the  dnst-jH 
tides  with  the  microsco|)t'  immediately  after  de|K>sitingl 
them  on  the  medium,  and  again  after  eighteen  to  twenty- 
four  hours.      What  differences  do   you  delect?     Wliat 
information  of  sanitary  iioportancu  does  this  give? 


CHAPTER  XV. 

Various  experiments  in  sterilization  by  steam  and  by  hot  air. 

Place  in  one  of  the  openings  in  the  cover  of  the 
steam  sterilizer  an  accurate  thermometer;  when  the 
steam  has  been  streaming  for  a  minute  or  two  the  ther- 
mometer will  register  100°  C.  Wrap  in  a  bundle  of 
towels  or  rags  or  pack  tightly  in  cotton  a  maximum 
(self-registering)  thermometer ;  let  this  thermometer  be 
in  the  centre  of  a  bundle  large  enough  to  quite  fill  the 
chamber  of  the  sterilizer.  At  the  end  of  a  few  minutes' 
exposure  to  the  streaming  steam  remove  it ;  it  will  be 
found  to  indicate  a  temperature  of  100°  C. 

Closer  study  of  the  penetration  of  steam  has  taught 
us,  however,  that  the  temperature  foimd  at  the  centre 
of  such  a  mass  may  sometimes  be  that  of  the  air  in  the 
meshes  of  the  material,  and  not  that  of  steam,  and  for 
this  reason  the  sterilization  at  that  point  may  not  be 
complete,  because  hot  air  at  100°  C.  has  not  the  ster- 
ilizing properties  that  steam  has  at  the  same  temperature. 
It  is  necessary,  therefore,  that  this  air  should  be  ex- 
pelled from  the  meshes  of  the  material  and  its  place 
taken  by  the  steam  before  sterilization  is  complete.  This 
is  insured  by  allowing  the  steam  to  stream  through  the 
substances  a  few  minutes  before  beginning  to  calculate 
the  time  of  exj>osnre.  There  is  as  yet  no  ahsoluk^'ly 
sure  means  of  saying  that  the  temperature  at  the  centre 
of  the  mass  is  that  of  hot  air  or  of  st(*am,  so  that  the 
exact  length  of  time  that  is  required  for  the  expulsion 
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of  thf  air  frui 


liACTERIOLOnY. 

.  the  nifrtlica  of  the   material  cannot  h 


given. 

Petormine  if  the  niaximuin  thermometer  indicates  a 
temperature  of  100°  C.  at  the  centre  of  a  moist  bundle 
in  the  same  way  as  when  a  dry  bundle  was  employed. 

To  abont  50  c.c.  of  bouillon  aiiil  about  1  gramme 
of  chopped  hay,  and  allow  it  to  stand  in  a  warm  place 
for  twciity-four  hours.  At  the  end  of  this  time  it  will 
be  found  to  contain  a  great  variety  of  organisms.  Con- 
tinue the  observation,  and  ultimately  a  pellicle  will  be 
st^eii  to  form  on  the  siirface  of  the  fluid.  This  pellicle 
is  made  up  of  rods  which  grow  as  long  Uireads  in 
piindlel  stnindB.  In  many  of  these  rods  glistening 
dporea  will  be  seen,  Aft<?r  thoroughly  shaking,  filter 
the  mass  through  a  fine  cloth  to  remove  coarser  partj- 


I'our  into  eadi  of  several  test-tubes  abont  10  c.c.  of 
tile  filtrate.  Allow  one  UiIk'  to  remain  undisturbed  in  a 
warm  place.  Place  another  in  the  steam  sterilizer  for 
five  ininnles ;  a  thini  for  ten  minutes ;  a  fourth  for  one- 
half  h'lur;  a  fifth  for  one  hour. 

At  the  I'ud  of  each  of  these  exposures  inoculate  a 
lulu-  of  stenii/cd  imuillon  from  each  tube.  Likewise 
MwkvM  i>et  of  plates  or  Esmareh  lubes  u|K)n  botli  gel- 
•Aw  Hiul  npir-apir  from  each  tube,  and  note  the  results. 
M  ^  Mine  time  prt')Hire  a  s(>t  of  plates  or  Etimarch 
[ar  and  on  gelatin  from  the  tube  which 
kMpoWHl  to  the  ui-tiuu  of  the  steam. 

IV  tnbcB  fnim   the  unmolested   tube  nHll 
«  «f  a  variety  of  organisms  ;  separate  and 

I  ife  tobe  which  has  been  sterilized  for 
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five  minutes  will  present  colonies  in  moderate  numbers ; 
but,  as  a  rule,  they  will  represent  but  a  single  organ- 
ism.    Study  this  organism  in  pure  cultures. 

The  same  may  be  predicted  for  the  tube  which  has 
been  heated  for  ten  minutes,  though  the  colonies  will  be 
fewer  in  number. 

The  thirty-minute  tube  may  or  may  not  give  one  or 
two  colonies  of  the  same  organism. 

The  tube  which  has  been  heated  for  one  hour  is 
usually  sterile. 

The  bouillon  tubes  from  the  first  and  second  tubes 
which  were  heated  will  usually  show  the  presence  of 
only  one  organism — the  bacillus  which  gave  rise  to  the 
pellicle- formation  in  the  original  mixture.  This  organ- 
ism is  bacillus  stibtilis.  It  is  especially  adapted  to  the 
study  of  those  various  degrees  of  resistance  to  heat  that 
spore-forming  bacteria  exhibit  at  difierent  stages  of  their 
development. 

Inoculate  about  100  c.c.  of  sterilized  bouillon  with 
a  very  small  quantity  of  a  pure  culture  of  this  organism, 
and  allow  it  to  stand  in  a  warm  place  for  about  six 
hours.  Now  subject  this  culture  to  the  action  of  steam 
for  five  minutes ;  it  will  be  seen  that  sterilization,  as  a 
rule,  is  complete. 

Treat  in  the  same  way  a  second  flask  of  bouillon, 
inoculated  in  the  same  way  with  the  same  organism, 
but  after  having  stood  in  a  warm  place  for  from  forty- 
eight  to  seventy-two  hours — that  is,  until  spcjrcs  have 
formed — and  it  will  be  found  that  sterilization  is  not 
complete  :  the  spores  of  this  organism  have  resisted  the 
action  of  steam  for  five  minutes. 

To  determine  if  sterilization  is  complete  always  resort 
to  the  culture  methods,  as  the  macroscopic  and  micro- 
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KGUpic  mcthoda  are  deceptive ;  cloudiDess  of  the  media  ] 
or  the  prescQce  of  Imcteria  microscopically  does  not  I 
always  signify  tliat  the  organisms  possess  the  property  I 
of  life. 

Inoculate  in  the  Bame  way  a  third  tiaak  of  bouillon 
with  a  very  muill  droji  from  one  of  the  old  ciilturt's  upuu 
which  the  pellicle  hiis  formed  ;  mix  it  well  and  subject 
it  to  the  action  of  st«am  fur  (iro  minutvu  ;  then  place  it 
to  one  side  for  from  twenty  to  twentj'-fonr  hours,  and 
again  heat  for  two  minutes ;  allow  it  to  stand  for  another  i 
twentj'-four  hours,  aud  repeat  the  process  ou  the  third 
day.  No  i>ellicie  will  be  formed,  aud  yet  spores  were 
present  in  the  urigimil  mixture,  and,  as  we  have  seen, 
the  spores  of  thi.s  organism  are  not  killed  by  an  exposure 
of  five  minut«s  to  steam.  How  can  this  result  be  ac- 
counted for? 

Saturate  several  pieces  of  cotton  thread,  each  about  2 
cm,  long,  in  the  original  deeonijwsed  bouillon,  and  diy 
them  carefully  at  the  ordinary  tem))erature  of  the  room ; 
then  at  a  little  higher  temperature — about  40°  C — to  , 
complete  the  process.     Regulate  the  temperature  of  the  , 
hot-air  sterilizer  for  about  100°  C,  and  subject  several  ] 
pieces  of  this  infected  aud  dried  thread  to  this  temper-  I 
ature  for  the  same  lengths  of  time  that  we  exposed  the  I 
fiame  organisme  in  bouillon  to  the  steam,  viz.,  five,  ten, 
Uiirty,  and  sixty  minutes.     At  the  end  of  each  of  thesej 
periods  remove  a  bit  of  thread,  aud  prepare  a  set  of 
plates  or  l<Linuirch  tubes  from  it.     Arc  the  results  anal- 
ogous t«  those  obbiined  when  steam  was  em[>loyed  ? 

Increase  the  temperature  of  the  dry  sterilizer  aud 
repeat  the  pnx^ss.  Determine  the  temjierature  and 
time  nceeiwary  for  the  destrui^tion  t)f  these  organisms 
by  dry  heat      These   threads  should   not  be   simply 
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laid  upon  the  bottom  of  the  sterilizer,  but  should  be 
suspended  from  a  glass  rod,  which  may  be  placed  inside 
the  oven,  extending  across  its  top  from  side  to  side. 

Place  several  of  the  infected  threads  in  the  centre  of 
a  bundle  of  rags.  Subject  this  to  a  temperature  neces- 
sary to  sterilize  the  threads  by  the  dry  method.  Treat 
another  similar  bundle  to  sterilization  by  steam.  In 
what  way  do  the  results  of  the  two  processes  differ? 


CHAPTER    XVI. 


Suppuration -SMpbrlococouB  pyoReiies  HureiU'Slsphylnenecns  p 

RibuH  BTiil  i^ltreos— euphj-luLHiccus  oiddenuIdlB  &[bus— ^trepMmrciU  1 
pyngcnea— Mirrociiccus  gonorrhcvas— Dip1o(wci^us  introreUularii  m 
luKltldlit— BoulUua  pyocykimuB— BactUus  of  bubonic  pUpic. 

8TAPHYLOOOCCOS   PYOGENES   ArREUS. 

Prepare  a  set  of  plates  of  agar-agar  from  the  | 
of  an  acute  alfscess  or  boil  that  lias  been  opened  under 
antiseptic  precautions.  Care  must  be  taken  tlmt  none 
of  the  antiseptic  used  gains  access  to  tlie  culture-tubes, 
otherwise  its  antiseptic  cfteet  may  be  operative  and  the 
development  of  the  orgaoismtj  iutcrfcred  with.  It  is 
best,  therefore,  to  take  a  drop  of  the  pus  upon  a  plati- 
mim-wire  loop  after  it  has  been  flowing  for  a  few  sec- 
onds ;  even  then  it  must  be  taken  from  the  mouth  of 
the  incision  and  before  it  lias  nm  over  the  surface  of  the 
sbiu.  At  the  same  time  prejiare  two  or  three  cover- 
8li[>5  from  (he  pus. 

Microscopic  examination  of  these  slips  will  reveal  the 
presence  of  a  lai^  number  of  pus-cells,  both  multi- 
nucleated and  with  horseshoe-shaped  nuclei,  some 
tlireads  of  disintegratetl  and  necrotic  coimective  tissue, 
and,  I.ving  here  and  there  throughout  the  preparation, 
small  round  bodies  which  will  sometimes  appear  singly, 
sometimes  in  ]tairs,  and  fre<]uently  will  he  seen  grouped 
together  somewhat  like  clusters  of  grapes.  (See  Fig. 
S5.)  They  stain  readily  and  are  commonly  located  in 
tlie  material  between  the  pus-cells;  very  rarely  they 
may  be  seen  in  the  prot^iphismic  Ixxly  of  the  cell. 
(ComiKire   the   preparation    with   a   similar  one   made 
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from  the  puB  of  gonorrhcea.  (St-e  Fig.  58.)  In  what 
way  do  the  two  preparations  difler,  the  one  from  the 
otlier '?) 


'J' 


■>s 


Prep&rBtJoii  fr 


After  twenty-foiir  hours  in  the  incubator  tlio  plates 
will  be  seen  to  Ik-  stndtlcd  here  and  there  with  yellow 
or  orange-col o re  1  eolonies,  which  are  nsually  round, 
moist,  and  gli8teuin^  in  their  naked-t'ye  appeaninees. 
When  located  in  the  depths  of  tiic  niediiini  they  ure 
commonly  seen  to  be  lozenge  or  whetstone  in  shape, 
while  often  they  appear  as  irregular  stars  with  bliiut 
point*,  and  again  as  irregnlarly  lobidatcd  dense  masses. 
In  atnictiire  they  are  conspicuous  for  their  density. 
Under  the  low  nVijective  they  appear,  when  on  the  snr- 
face,  as  coarsely  granular,  irregularly  ronnd  [itches, 
with  more  or  less  ragged  borders  and  a  dark  irregular 
central  mass,  which  has  somewhat  the  appearanee  of 
masses  of  coarser  clumps  of  the  same  material  as  that 
comjKising  the  rest  of  the  colony.  Micmscopieiilly, 
thi-^'  colonies  are  composed  of  small  n>und  cells,  irreg- 
ularly grou|)ed  togetlier.     They  are  in  every  way  of 
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tlu;  same  ajtix'ar.iiicf  as  those  seen  upou  the   original  4 
cover-slip  p^jMiratioii. 

Prepare  t'roio  line  of  these  colonics  a  pure  stali-culture  J 
in  gelatin.  After  thirty-six  to  furtv-cight  hours  lique-J 
faction  of  the  gelatin  ah>ng  tlie  tnick  of  the  needle,.] 
most  conspicuous  at  lUi  upper  end,  will  he  ohBervcd.iV 
As  growth  contioiieii  thv  liqiioficd  {H>rtiuii  beeonicB  more-l 
or  less  of  a  stocking-shape,  and  gradually  widens  at  its! 
upper  end  into  an  irregular  funnel.  This  will  continue  I 
until  the  wliole  of  the  gelatin  in  the  tube  eventually  1 
becomea  fluid.  There  can  always  l»e  noticed  at  the  ] 
bottom  of  the  liipiefyiiig  |i(irtion  an  orange-colored  i 
yellow  mass  cum|)OMKl  of  a  nnmher  of  the  oi^nisnis  J 
which  have  sunk  to  the  Ixittom  of  the  fluid. 

On  potato  the  growth  is  (]uit«  luxuriant,  appearing  a 
a  brilliant,  orange-colore<i  layer,  somewhat  lobulated  and  ) 
a  little  less  moist  than  when  growing  upon  agar-agar. 

It  docs  not  produce  fermentation  with  gas-production,   j 

It  belongs  to  the  group  of  facultative  auaerobes. 

In  milk  it  rapidly  brings  about  coagulation  with  acid  I 
reaction. 

It  is  not  motile,  and  Iwing  of  the  family  of  micrococ^  J 
does  not  fonn  endt^euous  spores.  It  possesses,  bov-'fl 
ever,  a  degree  of  resistance  to  detrimeutjU  agencies  that  I 
is  somewhat  greater  than  that  common  to  non-spor&-« 
bearing  bacteria. 

In  bouillon  it  causes  a  diffuse  clouding,  and  after  ( 
time  a  yellow  or  orange-eolored  sedimentation. 

This  oi^nism  is  the  commonest  of  the  pathogenia  I 
bacteria  with  which  we  shall  meet.     It  is  linphi/loroccus 
pyogenet  aurenn,  and  is  the  organism  most  ftwjliently 
concerned   in  the   production   of  acute,  circumscribed, 
suppurative   inflammations.      It  is  almost  everywhere 
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present,  and  is  the  organism  causing  continuous  annoy- 
ance to  the  surgeon. 

In  studying  its  effects  upon  lower  animals  a  number 
of  points  are  to  be  remembered.  While  it  is  the  etio- 
logical factor  in  the  production  of  most  of  the  suppu- 
rative processes  in  man,  still  it  is  with  no  little  difficulty 
tliat  these  conditions  can  be  reproduced  in  lower  ani- 
mals. Its  subcutaneous  introduction  into  their  tissues 
does  not  always  result  in  abscess-formation,  and  when  it 
does  there  seems  to  have  been  some  coincident  interfer- 
ence with  the  circulation  and  nutrition  of  these  tissues 
which  renders  them  less  able  to  resist  its  inroads.  When 
introduced  into  the  great  serous  cavities  of  the  lower 
animals  its  presence  is  likewise  not  always  accompanied 
by  the  production  of  inflammation.  If  the  abdominal 
cavity  of  a  dog,  for  example,  be  carefully  opened  so  as 
to  make  as  slight  a  wound  as  possible,  and  no  injury  be 
done  to  the  intestines,  large  quantities  of  bouillon  cult- 
ures or  watery  suspensions  of  this  organism  may  be, 
and  repeatedly  have  been  introduced  into  the  peritoneum 
without  the  slightest  injury  to  the  animal.  On  the  con- 
trary, if  some  substance  which  acts  as  a  direct  irritant 
to  the  intestines — such,  for  example,  as  a  small  bit  of 
potato  upon  which  the  organisms  are  growing — be  at 
the  same  time  introduced,  or  the  intestines  be  mechani- 
cally injured,  so  that  there  is  a  disturbance  in  their  cir- 
culation, then  the  intnKluction  of  these  organisms  is 
promptly  followed  by  acute  and  fatal  peritonitis.  (Hal- 
sted.^) 

On  the  other  hand,  the  results  which  follow  their  in- 
troduction into  the  circulation  are  practically  constant. 

*  Halsted :  The  Johns  Hopkins  Hosi>itiil  Reports.     Reiwrt  in  Sur- 
gery, No.  1,  1801,  vol.  ii.  No.  5,  pp.  301-303. 
18 
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If  rmc  iiijait  iiit'i  tlir  circiilntion  of  tho  rjthtii*  (liiviip 
ti  vein  fil'  the  ear,  or  in   any  (iIIilt  way,  from  0.1  1 
0.3  c.c,  of  a  IxiLiilliin  (Millnrc  or  watery  fitspension  ( 
a   virulent  variety  of  thie   organism,  a   fatal   pyte 
always  follows  in  from  two  and  one-half  to  three  days^fl 
A  few  hours  before  death  the  animal  suffers  frequently  J 
from   seven;   convulsions,      Now   and    then   exeessiv*" 
secretion  of  urine  is  noticed.     The  animal  may  appear 
in  moderately  good  eondition  until  from  eight  to  ten 
hours  before  death.     At  the  autopsy  a  typit»l  picture 
presents :  the  voluntary  muscles  are  seen  to  he  marked 
here  and  there  by  yellow  spots,  which  average  the  size 
of  a  flaxseed,  and  are  of  about  the  same  Rhape.     They    , 
lie  usually  with  their  long  axis  runuing  longitudinally  J 
between  the  muscte-flbres.     As  the  abdominal  and  thiKi 
racio  cavities  are  opened  the  diaphragm  is  often  seen  to    ■ 
he  studded  with  them.     Frequently  the  perieardial  eac 
is  distended  with  a  clear  gelatinous  fluid,  and  almost 
constantly  the  yellow  points  are  seen  iu  the   rayocar- 
dtnm.      The  kidneys  are  rarely  without   thom ;   here 
they  appear  on  the  surface  as  isolated  yellow  pointe, 
or,  again,  are  seen  as  conglomerate  masses  of  small 
yellow  points  which  occupy,  as  a  rule,  the  area  fed 
by  a  single  vess<'l.     If  one   make  a  section  into  one 
of  these  yellow  points,  it  will  be  seen  to  ext^^nd  deep 
down  through  the  substance  of  the  kidney  as  a  yellow, 
wedge-shaped  mass,  the  base  of  the  wedge  being  at  the 
mirfacc  of  thi-  organ. 

It  is  very  rare  that  these  alucesses — for  abscesses  the 
yellow  points  urv,  as  we  shall  see  when  we  come  to  study 
thom  more  closi-ly — are  fi>und  either  in  the  liver,  spleen, 
or  bmin ;  their  usual  location  being,  as  said,  in  the  kid- 
ney, myocardium,  and  voluntary  muscles. 
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These  minute  abscesses  contain  a  dry,  clioesy,  necrotic 
centre,  in  which  tlic  staphylococci  are  present  in  large 
numbers,  as  may  be  seen  upon  cover-slips  prepared  from 
them.  This  organism  may  also  be  obtained  in  pure 
culture  from  the  suppurating  foci. 

Preserve  in  Miiller's  fluid  and  in  alcohol  duplic^ite 
bits  of  all  the  tissues  in  which  the  abscesses  are  locuted. 
When  these  tissues  are  hard  enough  to  cut  sections 
should  be  made  through  the  abscess-points  and  the  his- 
tological changes  carefully  studied. 

MicRoscJOPic  Study  of  Cover-slips  and  Sections. 
— In  cover-slip  preparations  this  organism  stains  readily 
with  the  ordinary  dyes.  In  tissues,  however,  it  is  best 
to  employ  some  method  by  means  of  which  contrast- 
stains  may  be  utilized,  and  the  lo(»ation  and  grouping  of 
the  organisms  in  the  tissues  rendered  more  conspicuous. 
When  stained,  sections  of  tissues  containing  the  small 
abscesses  present  the  following  appearances  : 

To  the  naked  eye  will  be  seen  hen*  and  there  in  the 
section,  if  the  abscesses  are  very  numerous,  small,  darkly 
stained  areas  which  range  in  size  from  that  of  a  pin- 
point up  to  those  having  a  diameter  of  from  1  to  2  mm. 
These  points,  when  in  the  kidney,  may  be  round  or  oval 
in  outline ;  or  may  appear  weilge-shaped,  with  the  base 
of  the  wedge  toward  the  surface  of  the  organ.  The 
differences  in  shape  depend  frequently  uiK)n  the  direction 
in  which  the  section  has  been  made  through  the  kidney. 
In  the  muscles  they  are  irregularly  round  or  oval. 

When  quite  small  they  appear,  in  stained  sections,  to 
the  naked  eye,  as  simple,  round  or  oval,  darkly  stained 
points ;  but  when  they  are  in  a  more  advanced  stage  a 
pale  centre  can  usually  be  made  out. 

When  magnified  they  appear  in  the  earliest  stages  as 
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minute  aggrogations  of  small  n-]\n,  t\tc  iiiicloi  of  whldt  J 
stalo  intoDsi-'lj'.     Almost  always  tviileiiiMis  of  prttgitsa 
ing  necrosis  cau  be  Been  uboiit  tliu  centre  of  these  celLJ 
acciitn Illations.     The  normal  structure  of  the  cells  nf  J 
the  tissues  is  more  or  less   destroyed ;   there  is  soei 
a  granular  eoudition  due  to  cell-lragraeutution  j  at  diPJ 
ferent  points  about  the  centre  of  this  area  the  tiseiiej 
appears  cloudy  and  the  tissue-cells  do  not  stain  read-a 
ily.      Ilounil   about   and   through  this   sjiot   are   sea 
the  nuclei  of  pus-cells,  many  of  which  are  undergoii^ 
disintegration.      In  the  smallest  of  these  begiiming  ab<- 
scesses  the  staphylococci  are  to  he  seen  scattered  about 
the  centn;  of  the  necrotic  tisane ;  but  in  a  more  advanced 
stage  they  are  conjraonly  seen  niasseil  together  in  veiy  . 
large  numliers  in  the  form  commonly  referred  to   as  I 
emboli  of  vtici-ococei. 

When  the  process  is  well  advancixl,  the  different  parts  ' 
of  the  abscess  are  more  easily  detectol.     They  then  pre- 
sent in  sections  somewhat  the  following  conditions :  at 
the  centre  can  be  seen  a  dense,  granular  mass  which  J 
stains  readily  with  the  basic  aniline  dyes,  and  wheo  J 
highly  magnified  is  found  tn  be  made  up  of  staphylo-' J 
<'oeei.     Sometimes  the  sliupe  of  this  mass  of  staphylcxJ 
cocci  corresponds  tu  that  of  the  capillary  in  which  theJ 
organisms  became  lodged  and  develoi>ed.      Immediatcljr.a 
almut  the  emlwlua  of  cocci  the  tissues  are  in  an  advancf 
stage  of  necrosis.     Their  structun'  is  almost  completely  J 
destroyed,  altliongh  the  destruction  is  seen  to  be  mnref 
advanced  in  some  of  the  elements  of  the  tiKsucH  than  i 
others.     As  we  appniaeh  the  periphery  of  this  faintly 
stained  netirotic  area  it  becomes  marked  here  and  there 
with  granular  Uidies,  irregular  in  sisH"  and  sliape,  which 
stain  in  the  same  way  as  do  the  nuclei  of  the  pus-cells 
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and  represent  the  result  of  disintegration  going  on  in 
these  cells. 

Beyond  this  area  we  come  upon  a  dense,  deeply  stained 
zone,  consisting  of  closely  packed  pus-cells  ;  of  granular 
detritus  resulting  from  destructive  prcR*esses  acting  u|)on 
these  cells ;  and  of  the  normal  cellular  and  connective- 
tissue  elements  of  the  part.  Here  and  there  through 
this  zone  will  be  seen  localized  areas  of  beginning  death 
of  the  tissues.  This  zone  gradually  fades  away  into 
the  healthy  surrounding  tissues.  It  constitutes  the  so- 
called  "abscess-wall." 

Such  is  the  picture  presented  by  the  miliary  abscess 
when  produced  exi>eri mentally  in  the  nibbit,  and  it  cor- 
responds from  beginning  to  end  with  the  pathological 
changes  which  accompany  the  formation  of  larger  ab- 
scesses in  the  tissues  of  human  beings. 

From  these  small  abscesses  in  the  tissues  of  the 
rabbit  sfaphyloeoccv^  pyogenes  aureus  may  again  be 
obtained  in  pure  culture,  and  will  present  identically 
the  same  characteristics  that  wen*  possessed  by  the  cult- 
ure with  which  the  animal  was  inoculated. 

A  characteristic  of  all  staphylococcus  abscesses,  small 
as  well  as  large,  is  centralized  death  of  tissue ;  even  in 
those  of  microscopic  dimensions  this  area  of  necrosis 
is  always  discernible  by  appropriate  methcnls  of  exami- 
nation. It  represents  the  very  starting-j)oint  of  the 
destructive  process,  and  is  refera])le  to  the  action  uj)on 
the  tissues  of  poisons  elaborated  by  living  bacteria  that 
have  gained  access  to  them. 

As  a  result  of  the  studies  of  van  de  Velde,  Krauss, 
von  Lingelsheini,  Neisser  and  Wechsberg,  and  others, 
our  knowlcMlge  of  the  j)oison  that  causes  tlie  destruction 
— staphylotoxin^  as  it  is  ciiUal — bus  been  greatly  ex- 
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Ipiulwl.    Thniugli  tiie  wiirkdf  these  investigators  wn  now 
know  tlmt  llie  i>iithogenic  properties  of  staphylooucoiu 
pyo);i-ncs  aureus  are  iliie  to  a  doJitiile  soluble  toxin  e 
limits]  liyit:  that  tliis  ]>oi:sou  in  prmlueed  uuder  i 
Hcial  (^iiiditions  of  cultivation,  and  may  I)e  separsted.l 
fnun    tlie   living  organisms   by   filtrution ;    that   wheal 
injci-^tetl  into  the  living  uninml  body  its  ejects  upon  the  1 
tisMUOH  are  essentially  reproductions  of  those  aoconipan^- 
Uxff  tile  growth  of  the  organism  itself;  that  when  this 
action  is  tested  ujion  particular  cells,  such  as  erythro- 
cyla-*  nnd  leuooeytes,  two  distinct  properties  are  exhib- 
htii,  one  a  hamolytic,  through  which  the  reti  corpuscles 
of  the  l)loo(i  are  dissolved,  the  other  a  leucocidic,  through 
which  the  white  hlmid-corpuseles  are  destroyed  j    thai  ■ 
till'   hieniolylii-   and    leucocidic   properties  are   distinct  i 
fnini  OIK'  iinolher,  and  are  due  to  the  activities  of  two  \ 
lyniux,  of  which  the  staphylotoxin   is  (in  part?)  com- 
|NiiM-il,  nnd  which  may  !»  se|Ktrated  from  one  another  hy 
iiplimpriatu  methods  of  analysis ;  that  the  result  of  the  J 
Iri'ittnient  of  anitnals  with  gradually  increasing  non-fatal 'j 
i|oai«  of  staphylotoxin  is  the  appearance  in  the  biottd  of.  I 
llii>  animals  of  antitoxic  bodies  (antilysins)  that  inhibitj 
lIlH  iicliou  of  the  toxins  (lysins);  and,  finally,  that  ia 
lllf)  nfriiin  of  certain  animals  (man  and  horse)  similsri 
HlilllyiiiiiN  In  varying  amounts  are  normally  present.' 


I'll  11   h>VH   (XlMMciS   I'YCHIKNIC  ORCIANISMS. 


Th.. 

Ili'iy  m 


it^llm 


'*HI  Voli  iIh  Vn 
IMuluiilu  Hiitt  T  Ki 

Ul'rUH  Wl>'ll,  IWMI. 
uuil  liiCVknimahmi 


ae  t       t-ccKS   in    the   human  lieing  I 
tl    r  organi>mi^  Ixiside  tltiphi/fo-  \ 

K  m  «  InHtltiit  Puslvur,  tome  i.  p.  \ 
Wuhunwh  n,  1900.  >t(j.3.  Voii  UagelHhHim: 
a  ■  HtM  hylDkokon  InFvktlon  (monognph], 
litlKwriiiKl  W  pflinborg :  ZuiURhrift  fQr  Hygk'iio 


.  lU.  ) 


xvi.  », 


LESS  COMMON  PYOGENIC  ORGANS.  279 

coccus  pyogenes  aureus,  Htaphylococeus  ptfogenes  alhns 
and  dtreus  may  \ye.  found.  The  colonies  of  the  former 
are  white,  those  of  the  latter  an*  lemon  color.  With 
these  exceptions  they  are  in  all  essential  (rultural  jxH^uli- 
arities  similar  to  daphiflococcus  aureus.  As  a  rule,  they 
are  not  virulent  for  animals,  and  when  they  do  jws- 
sess  pathogenic  pro{)erties  it  is  in  a  much  lower  degree 
than  is  commonly  the  case  with  the  golden  staphy- 
lococcus. Streptococcus  jyyogenes  is  also  sometimes 
present.  The  commonest  of  the  pyogenic  organisms, 
however,  is  that  just  descril>ed,  viz.,  staphylococcus 
pyogenes  aureus.  An  organism  that  is  almost  univer- 
sally present  in  the  skin,  and  is  often  concerned  in  pro- 
ducing mild  forms  of  inflammation,  is  staphylococcus 
epidetnnidis  albus  (Welch),  an  organism  that  may  read- 
ily be  confused  with  staphylococcMs  albus.  It  is  distin- 
guished from  the  latter  l>y  the  slowness  with  which  it 
liquefies  gelatin  and  by  the  companitive  absence  of 
pathogenic  properties  when  injected  into  the  circulation 
of  rabbits.  Welch  regjinls  this  organism  as  a  variety 
of  staphylococcus  pyogenes  albus. 

SniEi^ToaKX'US  Pyckjenes.  —  From  a  spreading 
phlegmonous  inflammation  prepare  cover-slii>s  and  cult- 
ures. What  is  the  predominating  organism  ?  Does  it 
appear  in  the  form  of  regular  clustc^rs  like  those  of 
grapes,  or  have  its  individuals  a  definite,  regular  ar- 
rangement? (See  Fig.  5G.)  Are  its  colonies  like  those 
of  staphylococcus  jyyogcnes  aureus  f 

Isolate  this  organism  in  pun^  cultures.  In  tlies(^  cult^ 
ures  it  will  be  found  on  microscopic  examination  to  present 
an  arrangement  somewhat  like  a  chain  of  Ixads.  (  Fig.  57.) 

Determine  its  peculiarities  and  descril)e  them  accu- 
rately.    They  should  be  as  follows ; 
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UjM)]!  niitrorti'opic  t-'xsmiinatiuii  a  mifniootcus  should  I 
be  fbiiijtl,  but  tlifl'eriiig  in  its  iirrangr-ment  t'ruiii  thftJ 
staph yl(H.-u(x;i   iust  deiunbed.    The  single  eelle  are  vtok\ 
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Plreplwoccin  i>i-ogeni»  In  pua. 
s<attiR'*l  irregiilnrly  or  arraiigitl  in  eliinijis  similar  to 
bunches  uf  gni|>cs,  but  are  Joininl  tnjj^t'th'jr  in  chains  like  ' 
strands  of  IkmiIs.      TIkvc  stramls  are  somotimew  regular  J 
ill  the  airuugeiuent  and  xize  nf  the  individual  cells  com- 
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links ;  again,  portioas  of  thf^rhain  may  }^  thinnirr  than  tli^r 
rest,  or  it  may  appear  bn.*ken  ''r  ra:iw-il.  <  "'.rnriM'uly  the 
individual^  comprising  thL^cliain  itf '-i-ii-i  an-  ii**i  n»und. 
but  a|)pear  flatten€<I  ••n  the  ?*i«lfr5  adja^-^-nt  t»»  vne  an*»tljC'r. 
The  eliains  are  9«>roftinK>  -h'^n.  fii»ii-i-tiirj  *»t'  t'.»ur  t«»  -ix 
c*ells ;  or,  again,  they  may  Ije  miuh  V*n^:T,  and  •fXt».'iid  fn»fn 
a  half  to  two-thinl>  aen*^-  the  fi«-ld  of  the  mien  m^ -ji*.-. 

Under  artificial  er^nilitions  it  s^^metimei?  gn>w>  well, 
and  can  be  cultivateil  thn^ugh  many  ^n-nerations,  while 
at  other  times  it  rapidly  l«>r!ess  its  vitality.  When  iMilaied 
from  the  diseai«ed  area  ujji>M  artifir-ial  meilia  it  ?e<*ms  to 
retain  its  vitalitj'  for  a  longer  |j»-ri<j<l  if  replanted  iip»n 
fresh  media  even'  dav  or  twi>  fi»r  a  time :  but  if  the 
first  generation  is  transplanter!  and  is  allowe^l  to  re- 
main upon  the  original  me<lium,  it  is  not  imc<»ninion 
to  find  the  organism  incafiable  of  further  cultivation 
after  a  week  or  ten  davs. 

Under  no  c<^>ndition3  is  the  growth  of  this  organism 
verv  luxuriant. 

On  gelatin  plates  its  cf>lonifs  appear  aftrr  forty-eight 
to  seventv-two  hours  as  vctv  small.  Hat,  nMUHJ  i><nntsof 
a  bluish-white  or  i»jKiles<*ent  a[)[K'aran<'e.  They  do  not 
cause  liquefaction  of  the  gelatin,  and  in  size  they  ran^y 
exceed  0.0-0.8  mm.  in  <iianiet<T.  lender  low  magnify- 
ing power  tliey  have  a  bniwnish  or  yellowisli  tinge  by 
transmitted  light,  and  are  finely  granular.  As  the  col- 
onies become  ohler  their  regular  bonier  may  Ixvonu^ 
slightly  irregular  or  notche<l. 

In  stab-cultures  in  gelatin  they  grow  along  the  eutin* 
needle-track  as  a  finely  granular  line,  the  granules  rv]>' 
resentinjr  minute  colonies  of  the  orgiuiisin.  On  the 
surface  the  irrowth  does  not  usually  exten<l  beyond  the 
point  of  puncture. 
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Od  ligar-agiir  plates  tLe  colonies  appear  as  minute  J 
pearly  poiiite,  whit^li  wlicu  slightly  magtiitiL-d  are  aeea.| 
to  be  liQely  gmiiular,  of  u  light-l>rowuitili  color,  and  J 
regular  at  tlieir  mui^ina. 

When  smeared  upon  the  surface  of  agar-agar  or  geU  I 
atin  slants  the  growth  that  results  in  a  thin,  pearly, 
finely  granular  layer,  couBistiiig  of  minute  uiloniea 
growing  closely  aide  by  aide,  ItH  most  luxunant 
gruwth  ia  seen  on  glycerin -agar-agar  at  the  teniperSf- 
ture  of  the  body  (37.5°  C),  and  its  least  on  gelatin  at 
from  18"  to  20"  C. 

On  blood-serum  its  colonies  present  little  that  iti  char^  i 
actcristic  ;  they  appear  ub  small,  moiat,  whitish  points, 
fnim  0.6  to  0.8  mm.  in  diameter,  that  an;  slightly  ele-  j 
vated  above  the  surface  of  the  serum.     They  do   not 
coalesce  to  form  a  layer  over  the  Burface,  but  r 
isolated  colonies. 

On  potato  no  visible  development  appears,  but  after  J 
a  short  time  {thirty-sis  to  seventy-two  hours)  there  ie 
a  slight  increase  of  moisture  about  the  point  of  inocula- 
tion, and  microscopic  examination  shows  that  multiplica- 
tion of  the  organisms  placed  at  this  [xunt  has  occurred. 

In  milk  its  conduct  is  not  always  the  same,  some  cult- 
ures causing  a  Be})arati(>n  of  tlie  milk  int^i  a  firm  clot 
and  colorless  whey,  while  others  do  not  proiiuce  this 
coagulation.  The  latter,  when  cultivateil  in  milk  of  a 
neutral  or  slightly  alkaline  reaction,  to  which  a  few 
droijfl  of  litmus  tlnetnre  have  l>een  added,  prfxluce.  as  a 
rule,  only  a  ver)'  faint  pink  color  afU-r  twenty-fimr  hours 
at  37.5"  C. 

In  Ixtuillon  it  grows  as  tangled  ma'Sstw  or  clumps, 
which  upon  microscopic  examination  are  seen  to  consist 
of  long  chains  of  cocci  twisted  or  matted  together. 
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It  grows  best  at  the  temperature  of  the  body  (37.5° 
C),  and  develops,  but  less  rapidly,  at  the  ordinary  room- 
temperature.  When  virulent  this  property  is  said  by 
Petruschky  to  be  preserved  by  retaining  the  cultures  in 
the  ice-chest  after  they  have  been  growing  on  gelatin 
for  two  days  at  22°  C. 

Its  virulence  may  often  be  increased  by  passing  it 
through  a  series  of  susceptible  animals. 

It  is  a  facultative  anaerobe. 

It  stains  with  the  ordinary  aniline  dyes,  and  is  not 
decolorized  when  subjected  to  Gram's  method. 

It  is  not  motile,  and,  being  a  micrococcus,  does  not 
form  endogenous  spores.  Under  artificial  conditions 
we  have  no  reason  to  believe  that  it  enters  a  stage  in 
which  its  resistance  to  detrimental  agencies  is  increased. 
In  the  tissues  of  the  body,  however,  it  appears  to  pos- 
sess marked  vitality,  for  it  is  not  rare  to  observe 
recurrences  of  inflammatory  conditions  due  to  this 
organism,  ofi;en  at  a  relatively  long  time  aft«r  the 
primary  site  of  infection  has  healed. 

The  results  of  its  inoculation  into  the  tissues  of 
lower  animals  are  described  by  Rosenbach  and  Passet 
as  protracted,  progressive,  erysipelatoid  inflammations ; 
and  Fehleisen,  who  described  a  streptococcus  in  erysip- 
elas that  is  in  all  probability  identical  with  the  drepto- 
eocciM  pyogenes  under  consideration,  stated  that  it  pro- 
duced in  the  tissues  of  rabbits  (the  base  of  the  ear) 
a  sharply  defined,  migrator}'  reddening  without  pus- 
foi*mation.  The  writer  has  eneountenKl  a  culture  of 
this  organism  that  possessed  the  property  of  inducing 
erysipelas  when  introduced  into  the  skin  of  the  ear,  and 
disseminate<l  abscess-formation  when  injected  into  the 
circulation  of  rabbits.     This  observation  has  an  im- 
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jMjrtjint  bearing  upon  the  (jueutiun  conci'miiig  the  iden- 
tity ut'  streptocueci  found  in  various  iiiflamiuatury  txtn^i 
ditions,  Hueh,  fur  itistancc,  as  the  spreuding  eryaipelatiiida 
uuiaifestatioiis  on  the  one  hand,  and  the  circumscribed  I 
abHcess-forniutions  on  the  oUier. 

The  resultci  that  follow  upon  the  inoculation  of  ani- 
malB  with  cultures  of  fltreptiwocci  olitainwl  from  various  J 
inflaniinatory  lesions  are,  as  a  rule,  inconstant.  At  I 
times  cultures  will  be  encountered  that  are  apparently  1 
without  virulence,  no  matter  how  tt'stfid ;  while  again  1 
cultures  from  other  sourees  exhibit  tlie  most  marked  1 
patliogenio  pro2>erties,  even  when  employed  in  almost  I 
intinitemmal  quantities.  Between  these  extremes  every  J 
gradation  may  be  expected.  The  virulence  of  a  culture  J 
is  not  necessarily  proportional  to  the  iutt^'naity  of  tbel 
patholr^cal  process  from  which  it  ia  ilerived. 

There  ia  never  any  certainty  of  faithfully  repro-.l 
ducing,  by  inoculation  into  susiteptible  animals,  thel 
mtliological  lesion  from  which  a  culture  of  the  organ-  I 
ism  nmy  have  been  obtained.  The  introduction  into  a  | 
snwx'plible  animiil  of  a  culture  derived  from  either  a. J 
spreading  phlegmon  or  an  en'sipelatims  inflammatinn  J 
iiiav  result  in  erysipelas,  general  septiereraia,  local  ah- A 
«n^ti-forination,  or,  as  said,  may  have  no  efl'eet  at  all.  I 
Cnltiirt^  innv  !«-■  encountered  that  arc  jtathogcnic  for  1 
iM^  !«Bwptible  BjKvii'S  of  animals  and  not  for  another,  f 

|^^3^  the  onlinary  conditions  of  artificial   cultiva- 
WM  UIt  \nnilent  varieties  of  atrt'ptococcu^  pyor/eiiea  ) 
t^MJk  *We    their    virulence     after    a    sliort     time. 
pr\-efi    this    pro]terty   by  cultivation 
i  fMatin  '"'■  *"'**  *^^y^  "'  ^^°  ^■'  '^"■pi'ig 
Jktett  (&T  Diiikleriologie  utid   PumsituakuDdr, 
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the  cultures  after  this  time  in  the  refrigerator,  and 
transplanting  upon  fresh  gelatin  every  five  or  six  days. 
Marmorek  ^  finds  tlie  virulence  preserved  by  growing 
the  organism  in  a  mixture  of  2  parts  of  horse  or 
human  blood-serum  and  1  part  of  nutrient  bouillon,  or 
of  1  part  of  ascites-fluid  and  2  parts  of  bouillon. 

Certain  authors  are  of  the  opinion  that  a  relation 
exists  between  virulence  and  the  length  of  the  chains 
formed  by  streptococci  when  growing  in  fluid  media. 
It  is  held  that  those  forming  the  long  chains,  strepto- 
coccus longus,  are  the  only  ones  concerned  in  animal 
pathology,  and  hence  the  only  ones  by  which  patho- 
genic powers  may  be  exhibited ;  w  hile  those  form- 
ing the  short  chains,  streptococcus  brevisy  are  not,  as  a 
rule,  pathogenic,  and  may  often  be  readily  differentiated 
from  the  other  variety  by  more  or  less  gross  cultural 
characteristics,  such  as  slow  liquefaction  of  gelatin, 
visible  growth  on  potato,  etc.* 

Antlstreitococxxts  Serum. — For  a  time  a  great 
deal  of  interest  was  created  by  the  announcement  of 
Marmorek  that  he  had  succeeded  in  inducing  in  ani- 
mals a  state  of  immunity  from  streptococcus  infection, 
and  that  the  blood-senim  of  such  animals  when  injected 
into  other  susceptible  animals  and  human  beings  pos- 
sessed not  only  the  property  of  rendering  them  insus- 
ceptible to  this  particular  form  of  infection,  but  even 
exhibited  curative  powers  in  cases  already  infected. 
This  serum  was  obtained  from  horses  or  asses  that  had 
been  rendered  immune  by  the  gradual  introduction  into 

'  Marmorek  :  Annales  de  I'lustitut  Pasteur,  1895. 

«  V.  Lingclsheim:  Zeitschrift  fiir  Hygiene,  1891,  Band  x.,  and  1892, 
Band  xii.  Behring:  C'entralblatt  fiir  Bakteriologie  und  Parasiten- 
kunde,  1892,  Band  xii. 
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thuir  tissiitia  ol'  increasing  umouDts  of  vim!  nt  i^trepto 
cocci. 

A  great  deal  has  been  said  both  for  a.  i  against  tl 
claims   of   Marmorck ;    but   at   present   the   bulk   < 
opinion  is  iiufavorable,  or  at  most  very  coneervative. 
Many  competent  cliDitiians  look  with  favor  upon  tiic 
use  of  this  serum  in  suitable  cases — i.  e.,  genuine,  un- 
complicated streptococcus  infections;  but  at  the  same« 
time  others  huve  failed  to  demonstrat«  ita  useiiilneaa.  i 
Koch   and    Petnischky  failed   tliroughout   to   confirr 
Mamiorek's  results.     It  is  difflciilt  to  reconcile  the  fact 
that  a  single  or  even  several  attacks  of  erysipelas  or  of 
phlegmonous  inflammation  in  the  human  being  afford 
no  protection  Irom  subsequent  attacks,  with  the  state- 
ment of  Marmorek  that  a  condition  of  complete  im- 
munity may  be  established  in  animals  by  the  repeated 
induction  of  mild  manifestations  of  the  disea.se. 

Streplncoccua  pi/oge)t^s  is  the  organism  most  com- 
monly found  in  rapidly  spreading  suppuration,  while 
staphylococcus  pt/oganea  aureus  is  most  frequently  found 
in  drcumscribttd  abscess-formations;  they  may  also  be 
found  together. 


Note. — If  the  opportunity  presents,  obtiin  cultnres 
from  a  case  of  erysij»e!as.  Compare  the  organism  thua 
obtained  with  the  streptococcus  just  mcntioncil.  Inoc- 
ulate rabbits  both  siibcutaneously  and  into  the  circula- 
tion with  almut  0.2  e.c.  of  pure  cultures  of  these  organ- 
isms in  bouillon.  Do  the  results  correspond,  and  do  they 
in  any  way  suggest  the  results  obtained  with  staphylo- 
coccus pi/nf/m^a  aurrvJi  when  introduced  inti>  animals  in 
the  same  way  ?  Do  tlicHe  streptocotM^i  flourish  readily 
on  ordinary  media? 
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The  organisms  that  have  just  been  deseribed  arc 
commonly  known  as  the  **  pyogenie  eo(i(»i "  of  Opiton, 
Roscnbach^  and  Passet,  and  up  to  jls  lat^*  as  1885  were 
believed  to  be  the  specific  factors  concerniid  in  the  pro- 
duction of  suppurative  inflammations.  Since  that  time, 
however,  there  has  been  considerable  nuKlificatiim  of 
this  view,  and  while  they  are  still  known  to  be  the 
most  common  causes  of  suppuration,  tluT  are  also 
known  not  to  be  the  only  causes  of  this  prcK^ess. 

With  the  more  genenil  applicatiofi  of  bacteriological 
methods  to  the  study  of  the  manifold  conditions  coming 
under  the  eye  of  the  physician,  the  surgeon,  and  the 
pathologist,  observations  are  constantly  being  made 
that  do  not  accord  with  the  earlier  ideas  upon  the 
specific  relation  of  the  pyogenic  cocci  to  all  forms  of 
suppuration.  Then?  is  an  abufidance  of  evidence  to 
justify  the  oj)ini(m  that  a  number  of  organisms  not 
commonly  classed  as  pyogenic  may,  un<ler  certain  cir- 
cumstances, assume  this  property.     For  example  : 

The  bacillus  of  typhoid  fever  has  been  found  in  pun> 
culture  in  osteomyelitis  of  the  ribs,  in  acut(»  purulent 
otitis  media,  in  abscess  of  the  soft  parts,  in  the  pus 
of  empyema,  and  in  localized  fibro-pcTitonitis,  either 
during  its  course  or  as  a  sequel  of  typhoid  fever. 

Bacterium  colt  commune  has  been  found  in  pure  cult- 
ure in  acute  peritonitis,  in  liver-abscess,  in  purulent  in- 
flammation of  the  gall-bladder  and  <luets,  and  in  appen- 
dicitis ;  an<l  Welch  ^  has  found  it  in  pure  culture  in 
fifteen  diffen^nt  inflammatorv  conditions. 

Mm'ococeus  lancmfafuM  (])neuniococcu9)  has  been 
found  alone  in  al)scess  of  the  soft  parts,  in  purulent 

*  Welch  :  "Conditions  Underlying  the  Infection  of  Wounds,"  Ameri- 
can Journal  of  the  Medicjil  Science?,  Novcmhcr,  1S91. 
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These  small,  round,  or  oval  bodies  arc  the  so-called 
"gonococci''  discovered  by  Neisser,  and  more  fully 
studied  subsequently  by  Bumm,  to  whom  we  are  in- 
debted for  much  of  our  knowle<lge  concerning  them. 

As  the  name  implies,  this  organism  is  a  micrococcus, 

Fig.  58. 


f  I    *  5 
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Pus  of  gonorrhoea,  showing  diplococci  in  the  bodies  of  the  pus-cells. 

and  as  it  is  commonly  arranged  in  pairs  (flattened  at 
the  surfaces  in  juxtaposition)  it  is  often  designated  as 
diplococcus  of  gonorrhoea.  It  is  always  to  be  found  in 
gonorrhoea!  pus,  and  often  persists  in  the  urethral  dis- 
charges and  secretions  far  into  the  stage  of  conva- 
lescence. It  is  not  present  in  inflammatory  conditions 
other  than  those  of  gonorrhoeal  origin. 

It  is  easily  detected  microscopically  in  the  secretions 
of  acute  gonorrhoea.  In  secondary  lesions  and  in  very 
old,  chronic  cases  it  is  difficult  of  detection  and  fre- 
quently eludes  all  efforts  to  find  it.  It  is  stained  by  the 
ordinary  methods,  but  perhaps  most  satisfactorily  with 
the  alkaline  solution  of  methylene-blue.  Most  impor- 
tant as  a  differential  test  is  its  failure  to  stain  by  the 
method  of  Gram.     (How  does  tliis  compare  with  the 

19 
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lwha\  ior  of  the  oIIilt  pyogenic  cocui  wlifii  tri'sitcc!  in  I 
tile  saiue  way '!) 

It  does  not  grow  upon  ordinary  nutrient  media^J 
and  has  only  been  isoliited  in  culture  through  the  e 
ploynient  of  special  methods.  Its  growth  under  arti-i^ 
ficial  oonditious  seems  to  depL'ud  upon  some  partic-l 
ular  nutrient  substance  that  is  supplied  by  bluod  or  J 
bluod-aenim,  and  in  all  the  media  that  have  been  su( 
(ft'ssfiilly  used  for  its  cultivation  this  substance  : 
ap{)arently  an  essential  constituent.  By  many  invesU- J 
gators  it  is  thought  that  only  human  blood  possessesl 
this  iuiiHirtant  ingredient,  though  this  opinion  is  not-l 
universal.' 

It  was  first  isolatecl  in  culture  by  Bunini,  who  used  J 
fur  this  purpose  coagulated  human  blood-serum  ob^l 
taine'I  from  the  placenta. 

Wertlieim  improved  the  method  of  Biimm  by  usin^l 
a  mixture  of  equal  ]tarts  of  sterile  human  blood-serum  I 
a«<l  ordinary  sterilized  nutrient,  agar-agar,  the  latter  J 
having  been  liquefied  and  kept  at  50°  C.  until  after  1 
the  mixture  was  made,  when  it  was  alh>wed  to  cool  and  !| 
wilidify. 

t)tlier  investigators  have  siihstitutod  for  human  blood*  J 
M^rum  certain  pathological  fluids  from  the  human  body,! 
Pinch  as  aseites-fluid,  fluid  from  ovarian  cysts,  and  seroual 
«n'^ii*ions  from  the  pleura  and  from  the  joint-tavities. 

The  nicthofl  nse<i  by  Pfeiffer  for  the  cultivation  of  i 
ih<i  bneilluit  of  influenza  is  also  said  to  have  been  sue-  j 
H'iul\ilty  rniploycil.  Abel  recommends  a  needle-prick  I 
U)  Iho  IlligcT  aM  a  most  convenient  soun'e  from  which  to 


'  4li  li»lril>'llV(<  KrtlrliA  on  thin  sul.Jis:t  Is  Mutt  l.y  PoHlerton:  "On 
MtvFuiHHiKiia  llmiiirrliii'B>  ami  (hmorrhipnl  Infcrtinn,"  Tmoiuctiutu  of 
Ihv  tlillUh  tiiaUtiitv  uf  I'rDrontivc  M4.-iliciue,  K^.seriusL 
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obtain  the  necessary  amount  of  human  blood  that  is  to 
be  smeared  over  the  surface  of  the  slanting  agar-agar 
when  Pfeiffer's  method  is  employed. 

Wright^s  modification  of  Steinschneider's  method  has 
given  such  satisfactory  results  in  his  hands  that  it  will 
be  given  here  somewhat  in  detail.  The  medium  con- 
sists of  a  mixture  of  urine,  blood-serum  (human  or 
bovine,  either  serving  the  purpose),  and  nutrient  agar- 
agar.  The  urine  and  blood-serum  are  collected  with- 
out special  aseptic  precautions,  and  sul)sequently  freed 
from  bacteria  by  filtration  through  unglazed  porcelain. 
Frequently  this  is  the  tedious  part  of  the  process,  as 
the  serum  and  urine  pass  very  slowly  through  the 
I)orcelain  filters  generally  employed  in  laboratories. 
Wright  recommends  a  filtering  cylinder  manufactured 
by  the  Boston  Filter  Company  as  an  apparatus  that  not 
only  gives  a  sterile  filtrate,  but  also  permits  of  very 
rapid  passage  of  the  fluid. 

The  details  of  the  method  as  given  by  Wright  are  as 
follows :  "  A  litre  of  nutrient  agar  is  prepared  in  the 
usual  manner,  and  after  filtration  it  is  evaporated  to 
about  600  c.c.  This  concentration  is  desirable,  so  that 
after  dilution  with  the  urine  and  serum  the  medium 
may  be  sufficiently  firm.  This  concentrated  agar  is  then 
run  into  test-tubes  and  the  whole  sterilized  by  steam  on 
three  successive  days.  The  quantity  of  agar  placed  in 
each  tube  is  smaller  than  is  usual ;  this  is  in  order  to 
allow  for  the  subsequent  addition  of  the  urine  and 
serum. 

"  The  blood-serum,  which  need  not  be  free  from  cor- 
puscles, is  first  passed  through  white  simd,  which  is 
supported  in  a  funnel  by  filter-paper,  in  onler  to  re- 
IBOve  as  far  as  is  possible  any  particles  in  suspension^ 
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;iii(l  is  then  mixt'il  with  half  its  vohiiiif  iif  fresh  urine. 
Tbo  mixture  of  urine  and  blootl-senim  is  uext  filtered 
by  suction  through  an  nnglazed  porcelain  cylinder  into 
a  receiving-Husk,  sueh  as  chemists  use  for  similar  pur- 
poses, by  meana  of  »  water-vacuum  pump.  This  frees 
the  mixture  from  bacteria. 

"The  usual  precautions  are,  of  course,  taken  to  pre- 
vent the  confjiminatiou  of  the  tiltrate,  such  as  the  pre- 
vious Bterilistation  by  steam  of  the  cylinder  and  recciv- 
ing-flask,  besides  others  whiob  will  occur  to  any  ba£t«ri- 
ologiBt. 

"  To  the  agar  in  each  test-tube,  which  is  fluid  and  of 
a  temperature  of  about  40°  C,  there  is  added  about 
one-third  to  one-half  its  volume  of  the  filtered  mixture 
of  urine  ami  blood-serum.  This  b  conveniently  accom- 
plished by  jMJuring  the  mixture  from  the  receiving-flask 
throngli  the  lateral  tube,  inserted  neiir  its  neck  directly 
into  the  tubes.  The  preliminary  melting  of  the  agar 
is  l>est  effected  in  the  steam  sterilizer,  in  order  that  any 
nrganisms  which  have  found  lodgrment  in  the  cotton 
plugs  of  the  tubes  may  be  dostmycd.  When  the  agar 
is  melted  it  is  cooled  and  kept  fluid  by  placing  the 
tubes  in  a  water-bath  at  40°  C.  Each  tube,  after  the 
addition  of  the  urine  and  aerum  to  the  fluid  agar,  is 
quickly  shaken  to  insure  a  uniform  mixture,  and  is 
then  placed  in  an  inclined  position  to  allow  the  agar  to 
solidify  with  a  slanting  surface.  When  the  medium 
in  the  tubes  has  solidified  the  tubes  are  placed  in  the 
inculmtor  for  about  twenty-four  hours  to  test  for  con- 
taminations, after  which  they  are  ready  for  use." 

The  successive  dilutions  are  now  to  be  made  U]>on 
tlio  slanting  surface  of  this  mixture,  as  Ihc  mass  in  the 
tubes  cannot  be  redissolved  without  exposure  to  a  de- 
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grec  of  heat  that  apparently  interferes  with  the  nutri- 
tive vahie  of  the  serum  contained  in  the  medium. 

When  inoculated  with  gonorrhoea!  pus,  by  smearing 
a  loopful  over  the  surface,  the  tubes  are  to  be  kept  at 
from  37°  to  38°  C  The  organism  does  not  develop 
properly  at  a  temperature  below  this  point. 

After  twenty-four  hours  the  colonies  of  the  gono- 
coccus  appear  on  the  surface  of  the  medium,  accord- 
ing to  Wright,  as  very  tiny,  grayish,  semi-translucent 
points.  After  forty-eight  hours  they  may  be  about 
1  millimetre  or  so  in  diameter,  slightly  elevated,  with 
a  rounded  outline,  grayish  in  color,  and  semi-translu- 
cent by  transmitted  light.  By  reflected  light  their  sur- 
face has  the  appearance  of  frosted  glass.  Later,  if  few 
in  number,  so  that  their  growth  is  unimpeded,  the  colo- 
nies may  attain  a  diameter  of  2  millimetres  or  more,  be- 
come thicker  and  denser,  with  a  faintly  brownish  tinge 
about  their  centres,  and  a  slightly  irregular  outline. 

Under  a  low  power  of  the  microscope  a  fully  de- 
veloped colony  is  seen  to  consist  of  a  general  circular 
expansion,  with  thin,  translucent,  smooth,  sharply  de- 
fined margin,  but  becoming  brownish,  granular,  and 
thicker  toward  the  central  portion,  which  is  made  up 
of  coarse,  granular,  brown-colored  clumps  closely  packed 
together. 

The  appearances  coincide  with  the  figure  of  such  a 
colony  given  by  Wertheim.* 

Wassermann  ^  calls  attention  to  the  success  he  has 
had  in  cultivating  this  organism  upon  a  mixture  of 
swine-serum    and    nitrose,    the   latter    being    a    com- 

*  Dentechc  med.  Wochenschrift,  1891,  No.  50 ;  Centralblatt  fiir  Qyna- 
kologie,  1891,  No.  24. 
'  Zeitfichrift  fiir  Hygicno  und  Infektionskrankheiti^n,  Bd.  xvii.  p.  296. 
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niercial    product   clicmicalh'   known   ay  caBein-sodiii 
jtliosphate. 

The  preparation  of  tlie  medium  and  it*  composition 
ufe  as  foliowa : 

In  an  Erlenmeyer  flask  mix  15c.c.  ofawine-serum,  as 
free  as  possible  from  hEemoglolfin ;  30  to  35  c.e,  nf  water ; 
2  to  3  e.c.  of  glycerin ;  and  finally  0.8  to  0.9  gramme 
(i.  p.,  about  2  per  cent.)  of  nitrose.  Tliis  is  boik'd,  with 
gentle  agitation,  over  a  free  flame,  until  all  ingredients 
are  (liuH(}Ived  and  the  cloudy  fluid  lias  become  quite 
clear.  After  such  boiling  tlie  mixture  can  l>e  storiliited 
by  steam  witiwnt  precipitating  tlie  albumin,  and  may 
then  be  kept  indefinitely  ready  for  use. 

When  neeiled,  the  flask  and  its  contents  are  heated  to 
50°  C. ;  from  six  to  eight  tubes  of  2  per  cent,  peptone- 
agar-agar  are  dissolved  by  boiling,  bnmght  to  -WC, 
and  then  mixed  with  the  Rolutinn  in  the  flask  and  the 
mass  poured  into  Petri  dishe.'t.  Upon  the  surface  of  this 
semm-nitrose-agftr  the  cultivation  is  to  be  conducted. 
Wassermann  lays  particular  stress  upon  two  points  thot 
are  essential  to  success,  viz.,  the  preliminary  boiling  of 
tJie  Bcrum-nitrosc  mixture  ir/wr  steam  sterilization,  as 
tliU  prevents  precipitation  of  the  ulbtimin ;  and  the 
nocexflity  of  having  l>oth  the  scrtim-nitrose  mixture  and 
(lie  Bg«r-agar,  to  be  mixed  with  it,  at  not  over  50°  C, 
\\>r  if  tln-y  are  at  boiling  temperature  when  mixed,  or  if 
Hlfy  IIP"'  brought  to  the  boiling  t€ni]>eraturc  ti/fer  mixing, 
lliv  nlbiimin  will  be  precipitated  notwithstanding  the 
iihwincc  of  the  iiitrofse,  which  otherwise  prevents  tliis. 

Wiimiirmiinii  fnrtlier  observes  that  some  samples  of 
wittiu  nH[uin'  to  he  more  highly  diluted  with  water  than 
Ut  the  )uiijH>rtiiinH  given  above ;  that  the  agar-agar 
«hf>uM   bi>   tl^'bly,  but   distinctly,  alkaline  to  litmus, 
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causing  no  reddening  whatever  of  blue  litmus  paper ; 
and,  finally,  that  the  Petri  dishes  containing  the  solidi- 
fied medium  on  which  the  cultures  are  growing  are  best 
kept  bottom  upward,  so  as  to  prevent  water  of  con- 
densation collecting  on  the  surface.  By  the  use  of  the 
above  medium  he  has  cultivated  the  gonococcus  from 
about  one  hundred  different  cases. 

If  transplanted  from  the  original  culture  to  either 
glycerin-agar-agar  or  to  Loffler's  serum-mixture,  a 
growth  is  sometimes  observed,  more  often  in  the  latter 
than  in  the  former,  but  of  so  feeble  a  nature  that  these 
substances  cannot  be  regarded  as  suitable  for  its  culti- 
vation. As  a  rule,  development  does  not  occur  on 
glycerin-agar. 

Microscopic  examination  of  colonies  of  this  organism 
reveals  the  presence  of  a  diplococcus  somewhat  larger 
than  the  ordinary  pyogenic  cocci.  The  opposed  sur- 
faces of  the  individual  cells  that  comprise  the  couplets 
are  flattened  and  separated  by  a  narrow  slit.  At  times 
the  cocci  are  arranged  as  tetrads. 

This  organism  cannot  be  grown  at  a  temperature 
lower  than  that  of  the  human  body,  and  cultures  that 
have  been  obtained  by  either  of  the  favorable  methods 
are  said  to  lose  their  vitality  when  kept  at  ordinary 
room-temperature  for  about  two  days. 

It  is  killed  in  a  few  hours  by  drying. 

Cultures  retain  their  vitality  under  favorable  condi- 
tions of  nutrition,  temperature,  and  moisture  for  from 
three  to  four  weeks. 

This  organism  is  without  pathogenic  properties  for 
monkeys,  dogs,  and  horses,  as  well  as  for  the  ordinary 
smaller  animals  used  for  this  purpose  in  the  laboratory. 


BACTBHIOLOQY. 

Ill  man  ty]>ioal  goiiorrincji  lias  hcfn  jmHliiced  on 
Beveral  occasiwns  by  the  iiitriHliiclioii  into  the  urethra 
of  pure  cultun^s  of  this  organism. 

In  addition  to  its  causal  rt'lution  to  spouifio  ure- 
thritis, it  is  the  cause  of  gomirrhnuil  prostatitis  in 
man,  of  gonorrhical  proctitis  in  both  sexes,  and  of  gon- 
orrlneai  iiillummation  of  the  urethra,  of  Bartholin's 
glands,  of  the  cervix  uteri,  and  of  the  vagina  in 
women  and  young  girls.  It  is  etiologii^tly  related  to  the 
Bpcuifie  conjunctivitis  (ophtlialmia  nct>natoruin)  of  young 
infants,  and  also  occasionally  to  ophthalmia  in  adulte. 

Secondarily,  it  is  concerned  in  lipecific  inflammations 
of  the  tubes  and  ovaries,  of  the  lymphatics  communi- 
oating  with  the  genitalia,  of  the  serous  surfaces  of  joints, 
and  of  those  of  the  heart,  lungH,  and  abdominal  cavity. 

Other  species  of  micmcfKici  ha\e  from  time  to  time 
liwin  described  as  occurring  in  the  pus  of  acute  urethritis 
and  of  other  purulent  inHanimations.  Many  of  tlieee 
arc  of  no  significance.  Some  of  them  passems  peculiarities 
that  might  lead  to  confusion.  The  diplococous  described 
liy  Hcinmn'  lias  certain  point*)  of  resemblance  to  the 
goniM^occus,  such  as  its  location  in  the  bodies  of  pus- 
«I'Uh|  its  gruupiiifT  as  diplococci,  its  size  and  gi-neml  ap- 
iH<anincc ;  but  it  is  still  readily  distinguished  from  the 
liniiiK'iHH^im  by  its  retention  of  color  when  st^iined  by 
tlnini'H  iiU'tlHKh  The  diplocoocus  detected  by  Bumm 
III  |ilii'r(H'niI  cystitis  is  likewiw!  often  found  within  pus- 
iv\\»',  luit  it  IH  n-adily  differentiated  fnmi  the  gono- 
WMVMU  l>y  itM  growth  upon  onlinary  nutrient  media. 
(^^»tiU'w^^>^M  inhiifelliiltfrin  vn-niiit/itidin  of  Weichsel- 
btMiUi  l«ntnli<d  (Viim  the  pus  of  cercbro-wpinal  menin- 
Htlbv  U  iiii»'h«i«c«i|>ii'ully  alw>  strikingly  like  the  gono- 
t  KwW  \Mk  MmIIcu]  Kocord,  Jutio  2S,  1S95. 
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coccus  as  it  is  seen  in  pus;  but,  unlike  the  latter 
organism,  may  easily  be  cultivated  by  the  ordinary 
ciJtu  re-methods. 

Positive  and  Nfxjative  Distinguishing  Peculi- 
arities OF  THE  GoNOCXXJCUS. — Siucc  gonorrheal  dis- 
charges may  be  contaminated  with  pyogenic  cocci  other 
than  those  causing  the  specific  inflammation,  it  is  im- 
portant in  eflbrts  to  isolate  this  organism  that  the  dif- 
ferential tests  be  borne  in  mind  and  put  into  practice. 
The  gonococcus  is  differentiated  from  the  commoner 
pyogenic  organisms  by  the  following  peculiarities : 

First,  it  is  practically  always  seen  in  the  form  of  dip- 
lococci,  the  pair  of  individual  cells  having  the  appear- 
ance of  two  hemispheres,  with  the  diameters  opposed 
and  separated  from  one  another  by  a  narrow,  colorless 
slit.  (Is  this  the  case  with  staphylococcus  or  strepto- 
coccus pyogenes  f) 

Second,  in  gonorrhoea!  pus  it  is  practically  always  to 
be  found  wiihin  the  protoplasmic  bodies  of  pus-cells. 
(How  does  this  compare  with  the  conditions  found  in 
ordinary  pus  ?) 

Third,  it  stains  readily  with  the  ordinary  staining- 
reagents,  but  loses  its  cohrr  when  treated  by  the  method  of 
Gram.  (Treat  a  cover-slip  from  ordinary  pus  by  this 
method  and  not/C  the  result.) 

Fourth,  it  does  not  develop  upon  any  of  the  ordinary 
media  used  in  the  laboratory ;  while  the  common  j)us- 
organisms,  with  perhaps  the  exception  of  the  strepto- 
cocci, are  vigorous  growers  and  are  not  markedly  fas- 
tidious as  to  their  nutritive  medium. 

Fifth,  when  obtained  in  pure*  culture  by  either  of  the 
special  procedures  noted  above,  its  cultivation  may  be 
continued  upon  the  same  medium ;    but  growth   will 
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usually  not  be  observed  if"  it  is  trausplaiiteci  to  ortli- 
nary  nutrient  gelatin,  agar-agar,  bouillon,  or  potato; 
should  it  grow  under  these  circumstances  Us  develop- 
ment will  be  very  feeble,  (Is  tliia  the  case  with  com- 
mon pus-producers?) 

Sixth,  it  has  no  pathogenic  properties  for  animals, 
wliile  several  of  the  pyogenic  cocei,  notably  ataphylu- 
c-oocus  aureus  and  dreplocoecua  p>/ognu%  are  usually 
capable  of  exciting  pathological  conditions.  (Tiiis  !a 
less  commonly  true  of  streptococcus  pyogenes  than  of 
staphylocoticas  aureus.) 

DIPLOOOCrUS    INTRAfELLULARIS    MKXINfilTIDIS. 

Of  the  several  oi^nisms  mentionetl  that  might  be 
mistaken  for  the  gouococcUH,  no  one  of  them  is  as  sug- 
gestive and  none,  per  se,  so  important  as  that  ccncemcd 
in  the  cansation  of  epidemic  cerebrospinal  meningitis. 

This  oi^nism,  described  by  Weicbselbaum  iu  1887 
uu<lcr  the  name  "diploooccus  intracelhilaris  meningi- 
tidis," was  foundbyhimin  the  esu(lation>4  of  the  brain  and 
spinal  cord  in  six  cases  of  acute  cerebrospinal  meningitis. 

As  its  name  implies,  it  Is  a  diplococcus,  practically 
alwnyH  seen  within  the  bodies  of  pus-ecUs  (polymorplio- 
niicleiir  leutwvtesl  in  the  exudations  characteristic  of 
this  disease.  Il  is  not  seen  within  the  other  cells  of  the 
mnrbiil  priH'fss.  It  stains  readily  with  any  of  the  ordi- 
nary aniline  dyes,  but  is  decolorized  by  ihe  method  of 
Omin,  Il  is  conspicuous  for  the  irregular  way  in  which 
il  lakt*  up  tlic  dye,  some  cells  in  a  preparation  (either 
ftvMi  tile  exudate  or  from  cultures)  l>eing  brightly  and 
wlv  wlored,  other;*  being  much  less  so,  nr,  indeed, 
I  amrlv  i>it<irle!«.  There  is  also  a  marked  variation 
K  Ma»  m(  UHlividnal  cocci,  eome  being  normal,  others 
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being  apparently  swollen.  These  latter  are  often  pale, 
with  a  deeply  staining  centre,  giving  the  appearance  of 
a  coccus  surrounded  by  a  capsule.  It  is  not  improbable 
that  these  are  d^enerated  or  involuted  cells.  The 
irregularities  here  noted  are  more  common  in  cultures 
than  in  fresh  exudates  from  acute  cases,  and  more 
common  in  old  than  in  young  cultures.  As  seen  in 
cultures,  it  is  commonly  arranged  in  pairs  with  the 
individuals  flattened  at  the  surfaces  of  juxtaposition. 
Sometimes  it  is  seen  grouped  as  four  and  occasionally  as 
short  chains  of  three  or  four  cells,  but  never  as  long 
chains.  Its  size  is  that  of  the  common  pyogenic  micro- 
cocci, and  its  outline  and  arrangement  in  the  pus-cells 
are  so  like  those  of  the  gonococcus  that  the  figure  depict- 
ing gonorrhceal  pus  answers  equally  well  to  illustrate  the 
appearance  of  the  exudate  from  acute  meningitis. 

While  a  facultative  saprophyte,  still  its  parasitic 
nature  is  so  marked  that  it  can  only  be  cultivated  with 
some  trouble  and  uncertainty.  The  most  satisfactory 
medium  for  its  isolation  in  pure  culture  from  the  dis- 
eased meninges  is  coagulated  blood-serum  (Loffler's 
mixture),  and  even  here  one  is  not  successful  with  each 
attempt.  So  uncertain  is  its  growth  under  artificial 
conditions  that  it  is  always  advisable  to  inoculate  a 
number  of  tubes  with  relatively  large  quantities  of  the 
exudate,  and  even  then  growth  often  occurs  in  only  a 
part  of  them,  notwithstanding  the  fact  that  on  micro- 
scopic examination  the  organism  may  have  been  readily 
detected  in  large  numbers  in  the  exudate.  Illustrative 
of  this  difficulty,  the  following  experience  of  Council- 
man, Mallory,  and  Wright  may  properly  be  quote<l :  ^ 

^  Sec  "  Epidemic  Cerebrospinal  Meninjritis,"  ete.,  Report  of  the  Stat© 
Board  of  Health,  Mass.,  1898,  by  Councilman,  Mallory,  and  Wright. 
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"As  showing  thp  difficulty  i[i  growing  tlie  organisms 
in  cultures  made  from  tlie  meninges  at  the  [wst-niorteoi 
examination,  ten  cultures  were  made  in  one  case  from 
the  exudation  on  the  brain  and  six  from  tbe  cord,  covers 
slip  examinations  showing  abundant  urganisia:^  in  the 
cells.  Only  two  of  the  cultures  from  the  brain  and  one 
from  the  cord  showed  a  growtli.  As  a  rule,  t]ie  organ- 
isms were  more  easily  obtained  in  cultures  made  from 
the  acute  cases  than  from  the  chronic." 

When  successfully  isolated  in  pure  culture  its  growth 
is  never  |irofuse  on  any  medium.  On  the  serum  mixt- 
ure of  IjTifBer  the  isolated  colonies  appear  as  round, 
viscid,  smooth,  sharply  defined  points  that  may  attain 
a  diameter  of  1  to  1.5  mm.  There  is  no  liquefaction 
of  the  medium.  Cultures  from  very  acute  cases  occa- 
sionally present  an  abundant  growth  of  fine,  transparent 
ccUonies  strongly  su^^Uve  of  those  of  microoocciia 
lanceohitus. 

On  glycerin-flgar  the  colonies  are  nmnd,  pearly,  trans- 
lucent, flat,  and  visi-id  in  appeanmce.  They  tend  to 
become  confluent.  Under  low  magnifying  power  they 
are  homogeneous,  sent  it  mnspa  rent,  faintly  broivnish, 
with  welWefinetl  smooth  mat^ins.  On  plain  agar  the 
growth  is  feeble  and  uncertain. 

Its  growth  in  bouillon  is  slow  and  uncertain.  It  does 
not  cause  elomliug  of  the  fluid,  but  collects  at  the  bottom 
of  the  tuljc  as  a  »^nly  grayish  i^wliment  that  when  dis- 
turbed givej4  the  impression  <.f  having  a  mucoid  con- 
sistency. 

It  does  not  grow  on  potato)  and  causes  no  change  in 
litmiiA-milk. 

It  grows  only  at  the  temperature  of  the  Uxly,  and 
can  Ik-  kepi  gn)wiiig  only  by  being  traus])knttHl  lo  fresh 
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media  about  every  two  days,  and  even  then  growth 
often  ceases  after  a  comparatively  small  number  of  trans- 
plantations. If  from  a  fresh  growing  culture  a  number 
of  tubes  Ire  inoculated  and  kept  under  favorable  condi- 
tions^ it  is  a  common  experience  to  have  growth  on  only 
a  part  of  them.  It  is  sometimes  imiX)ssible  to  obtain 
a  second  growth  on  agar-agar. 

In  addition  to  its  presence  in  the  meningeal  exuda- 
tion of  epidemic  cerebrospinal  meningitis,  this  organism 
may  appear  as  a  secondary  invader  of  the  lung,  amsing 
more  or  less  ext<msive  pneumonic  exudation ;  of  the 
joints;  the  ear;  the  eye;  and  the  nose  and  throat. 
Though  rarely,  its  presence  in  the  circulating  blood  may 
sometimes  be  demonstrated  (Gwynn). 

By  none  of  the  ordinary  methods  of  inoculation  can 
the  disease  be  reproduced  in  animals.  Subcutaneous 
inoculation  with  pure  cultures  has  no  eiFect.  Injections 
into  the  great  serous  cavities  mav  or  may  not  result  in 
serofibrinous  or  fibrinopurulent  inflammation.  Intra- 
venous inoculations  are  equally  unsatisfactory. 

The  only  successful  attempts  to  reprwluce  the  morbid 
conditions  from  which  the  organism  is  obtained  are 
thase  in  which  the  living  cultures  have  Ikhju  injected 
directly  int^)  the  meninges.  Weichselbaum  produced 
congestion  with  pus  formation  in  the  meninges  of  dogs 
and  rabbits  by  direct  injtK^tion  through  openings  made 
in  the  skulls;  and  Councilman,  Mallory,  and  Wright 
caused  the  death  of  a  goat  by  the  injection  into  the 
spinal  canal  of  1  c.c.  of  a  bouiHon  suspension  of  a  pure 
culture  of  the  organism.  The  autopsy  revealed  intense 
congestion  of  the  meninges  of  both  brain  and  cord,  with 
slight  clouding  of  the  meninges  and  slight  increase  of 
meningeal  fluid.     Micros^^opically  there  was  deep  injec- 
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tioii  of  tile  vessels  of  the  cerebral  nieiiinges,  aecumpanied 
by  an  exudation  coniposetl  princiiKiIly  of  pus-cells. 
There  was  very  little  fibrin  ami  only  small  numbers  of 
diplococci  in  the  pus-cells.  The  purulent  inliltration 
extended  along  the  vessels  into  the  cerebral  cortex. 
The  morbid  condition  was  leas  marked  in  the  cord  than 
in  the  brain.  The  diplococci  were  rc<«vcre<l  in  pure 
culture  from  both  cord  and  brain. 

While  die  portal  of  entry  for  this  oi^nism  to  the 
system  is  not  known,  it  is  still  of  irajwrtance  to  note 
tiiat  it  often  makes  its  exit  fn>m  the  body  by  way  of  the 
organs  that  are  secondarily  involved,  and  tliat  open  to 
without,  a.s  the  ear,  uose,  eye,  and  lungs. 

It  is  of  equal  importance  to  note  that  the  organism  is 
of  very  low  power  of  resistance,  being  destroyed  in 
tweuty-fuur  hours  by  direct  sunlight  and  by  drying  at 
boily-tempcrature,  and  in  seventy-two  hours  by  drying 
in  the  dark  at  ordinary  room-teinpeniture. 

For  the  diagnosis  during  life  of  epidemic  cerebrospinal 
meningitis  by  bacteriological  methods  it  is  desirable  that 
the  meningeal  fluid  l>e  obtained!  during  tlie  most  acute 
stage  of  the  disease.  This  is  best  done  by  the  o]K.>ration 
of  Inmlmr  puncture,  a  description  of  which,  as  pven  by 
Mallory  and  Wright,  is  as  follows  : 

"  The  operation  and  the  subsequent  examination  of 
the  fluid  should  be  as  rarefnily  performed  as  any  other 
bactcriologiisd  investigation,  in  onier  to  obtain  accunite 
results.  The  bui'k  of  the  patient  and  the  oin-ralor's 
hands  should  be  made  sterile.  The  needle  sliould  be 
l>oile<l  for  ten  minutes.  The  [Miticnt  should  lie  on  the 
right  side,  with  the  knws  drawn  up,  and  with  the 
upjx'rnioHt  shoidder  so  dejiressed  as  to  present  the 
ej>inal  column  to  the  operator.     This  position  permits 
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the  oiH»rator  to  thrust  the  needle  direetly  forward  rather 
than  from  side  to  side.  An  antitoxin  needle,  4  era.  in 
length,  with  a  diameter  of  1  mra.,  is  well  adapted  for 
infants  and  young  ehildren.  A  longer  needle  is  neces- 
sary for  adults  and  ehildren  over  ten  years  of  age. 

"Aspiration  of  the  fluid  is  not  necess;iry,  but  some 
operators  prefer  to  attach  a  hypodermic  syringe  to  the 
ne<xlle,  to  afford  a  better  grasp  for  the  hand.  In  this 
case  the  syringe  would  have  to  be  detached  to  allow 
the  fluid  to  flow.  The  additional  manipulation,  and 
possibly  the  defective  sterilization  of  the  syringe, 
might  impair  the  subsequent  bacteriologicid  examina- 
tion. 

"  The  puncture  is  generally  made  between  the  third 
and  the  fourth  lumbar  vertebne,  sometimes  iK'tween  the 
second  and  third.  The  thumb  of  the  left  hand  is 
pressed  between  the  spinous  processes,  and  the  point  of 
the  needle  is  entered  about  1  cm.  to  the  right  of  the 
median  line.  Care  must  he  exercised  to  prevent  the 
point  of  the  needle  from  passing  to  the  left  of  the 
median  line  and  striking  the  bone.  At  a  depth  of  3  or 
4  cm.  in  children  and  7  or  8  cm.  in  adults  the  neiMlle 
enters  the  subarachnoid  space,  and  the  fluid  flows  usually 
by  drops.  If  the  point  of  the  needle  meets  with  a  bony 
obstruction,  it  is  advisable  to  withdraw  the  needle  some- 
what, and  to  thrust  again,  directing  the  point  of  the 
needle  toward  the  median  line,  rather  than  to  make 
lateral  movements,  with  the  danger  of  breaking  tlie 
needle  or  causing  a  hemorrhage.  The  smallest  quantity 
of  blood  obscures  the  macmscopic  apjiearance  of  the 
fluid  bv  ronderine  it  cloudy.  The  fluid  is  allowed  to 
drop  into  an  al)solutely  clean  test-tube,  which  previously 
has  been  sterilized  by  dry  heat  to  150°  C.  and  stop- 
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perwl  with  cottnii.  Tlic  fluid  filmukl  be  allitwal  to 
(Imp  into  the  tube  withimt  niiiniug  down  the  aides. 
Fftta  5  to  15  c.c.  uf  fluid  is  a  sufticient  quuntity  for 
exami  nation." ' 

BACILLDS    PYOCYANEDS   (bACII.I.US   OF    QBEEaf    PUS). 

Another  commoD  urganium  tlmt  niay  pmperly  be 
nientioaed  at  this  place,  though  jwrhupa  not  strictly 
pyc^nie,  is  a  bacillus  frequently  found  in  dlt^ehiirges 
from  wounds,  viz.,  bacillus  pt/oci/aneim,  or  bacillus  of 
gi-een  pus,  or  of  blue  pus,  or  of  bluc-greou  pus,  as  it 
is  variously  designated.  Bacillwi  pyocyantm  is  a  deli- 
cate rod  with  rounded  or  pointed  ends.  It  is  actively 
motile  ;  does  not  form  spores.  As  seen  in  preparations 
made  from  cidtures  it  is  eoiiuiionly  clustered  la  irreg- 
ular masses.  It  does  not  fiirm  long  filaments,  there 
being  mrely  more  than  four  joined  end  to  end,  and 
mast  frequently  occurs  as  single  cells. 

It  grows  reatlily  ou  all  artificial  media,  and  pves  to 
some  of  them  a  briglit-grcen  color  that  is  most  conspic- 
uous where  it  is  in  contact  with  the  air.  This  green 
color,  which  l)econies  more  and  more  marked  as  growth 
advances,  is  not  seen  in  the  grtiwth  itself  to  any  extent, 
but  is  diffused  tlintugh  the  mt<i|iuni  on  which  the  oi^n- 
ism  is  developing.  Ultinuitely  this  color  becomes  much 
darker,  and  in  very  old  agaivagar  cultures  may  become 
almost  black  (sometimes  very  dark-blue  gi-cen,  at  others 
bntwuisli-black). 

Note. — To  a  fresh  agar  inlturc  of  this  organism,  in 

'  For  ■  compreheiuiivi'  tniilniout  of  tlils  nuliject  rrom  11b  BtinloBiol 
mtxA  [ulliulogioil  slantliioiiits,  sm<  lliu  inoDogni]ih  of  CouncUinrtn,  MaI- 
lory,  and  Wriglit.  to  whitli  rtfcn-nce  was  miiilo  ahqye,  anil  to  which 
we  arc  iudclitt'il  for  much  vuiiliiiucil  in  the  forcgulng  Hketch. 
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wliirh  the  grwn  coloration  of  the  medium  is  espeeially 
marked,  add  iiboiit  2  e.o.  of  chloroform.  Shake  gently,  and 
note  thnt  the  chlorof()rm  extracts  a  blue  colorinfr-matter 
from  the  ciiltwro,  leaving  the  latter  more  or  \gs^  yellow. 

Itn  growth  on  gelatin  in  stab-cultures  is  iiccom|)anied 
by  liquefaction  and  the  diffusion  of  a  briglit-green  color 
throughout  the  surrounding  unliqnefied  me<lium.  As 
liquefaction  continues,  and  the  whole  of  tho  gelatin 
ultimately  becomeB  fluid,  the  green  color  is  conlined 


to  the  superficial  layers  in  contact  with  the  air.     The 
form  taken  by  the  liquefying  portion  of  the  gelatin  tn 


x:  '■    *«»'  > 
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the  necille,  and  may  last  from  ten  minutes  to  half  an 
hour.  This  is  the  "  chameleon  phenomenon  "  of  Paul 
Ernst. 

In  bouillon  the  green  color  appears,  and  the  growth 
is  sei»n  in  the  form  of  delicate  flowmli.  A  very  delicate 
myccnlerma  is  also  produced.  As  growth  progresses, 
the  iMjuillon  becomes  darker  and  darker  in  color,  until 
it  finally  is  about  comparable  in  this  respect  with  crude 
petroleum ;  at  the  sjime  time  it  assumes  a  peculiar  ropi- 
ness,  and  very  old  cultures  (four  to  six  weeks  in  the 
incubator)  may  attain  about  the  consistencjy  of  egg- 
albumin.  This  is  due  to  the  production  of  a  substance 
closely  allied,  chemically  speaking,  to  mucin.  Whether 
it  is  a  metabolic  product  or  one  resulting  from  the 
degeneration  or  the  auto-digestion,  so  to  speak,  of  the 
bacteria,  cannot  now  be  said ;  at  all  events,  in  cultures 
presenting  this  peculiarity  very  few  bacteria  of  normal 
ap[)earance — indeed,  very  few  bacteria  at  all — -are  to  be 
seen  on  microscopic  examination. 

In  milk  it  causes  an  acid  reaction,  with  coincident 
coagulation  of  the  casein. 

On  blood-serum  and  egg-albumin  its  growth  is  ac- 
companied by  liquefaction.  The  growth  on  coagulated 
egg-albumin  is  seen  as  a  dirty-gray  deposit  surrounded 
by  a  narrow  brownish  zone ;  the  remaining  portion  of 
the  medium  is  bright  green  in  color.  As  the  culture 
becomes  older  the  green  may  give  way  to  a  brown  dis- 
coloration. :*  i 

In  peptone  solution  (double  strength)  it  causes  a 
bluish-green  color.  In  one  of  four  cultures  from  differ- 
ent sources  we  observed  the  production  of  a  distinct 
blue  color. 

It  produces  indol. 
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It  stains  with  the  ui-dinnrv  dyes,  aud  its  iingtlla  may 
readily  be  denioiii^t rated  by  LiifHer's  mptlmd  oi'  i^taiuiiig, 

It  is  an  aetive  prddiiwr  of  a  proteolytic  enzyme  that 
may  readily  be  separated  and  its  digestive  pro))ertie8 
observed  by  tho  following  simple  methoii :  Prepare  a 
Iwutllon  culture  of  about  70  to  80  c.c.  vohime,  and 
allow  it  to  gr()w  at  37°  to  3S°  C.  for  four  or  five  days. 
Filter  through  a  Berkfeld  filter  into  a  sterile  receiver. 
Under  aseptic  precautions  decant  the  filtrate  into  sterile 
teat-tubes,  about  7  o.c.  to  each  tube.  Then  under  aseptic 
precautions  make  the  following  tests :  To  one  tube  add  a 
small  bit  of  hanl-boilwl  egg  (aljout  one-hidf  the  size  of 
a  pen)  nnd  place  in  un  iueuhator.  Render  another  tul>c 
slightly  acid  with  dilute  hydrochloric  acid,  and  add  a 
bit  of  the  white  of  egg  to  it  also.     Do  the  resnlta  differ? 

Heat  another  tube  to  80°  C,  for  fifteen  minutes,  and 
repeat  the  experiment.     Has  the  heating  had  any  effect? 

To  another  tube  add  carbolic  acid  to  the  extent  of  2 
or  3  per  cent.  Is  the  digestive  activity  of  the  solntitin 
modified  ? 

To  two  ordinary  tubes  of  gelatin  ad<l  carbolic  acid 
until  it  is  present  to  the  extent  of  0.25  per  cent,  in  eat^h 
tube.  Solidify  the  gelatin  in  one  tube  iu  the  upright 
position ;  let  that  in  the  other  remain  fluid.  On  the 
surface  of  the  former  pour  0.5  c.c.  of  the  pyocyaneus 
filtrate,  and  murk  the  point  of  contact  between  the 
gelatin  and  filtrate.  To  the  other  tul>o  add  a  similar 
amount  of  the  filtrate,  mix  thoroughly,  imd  solidify  in 
a  glass  of  cold  water. 

At  the  end  of  eighteen  to  twenty  hours  note  result. 
Is  it  possible  to  solidify  agniii  the  gelatin  through  which 
the  filtrate  was  mixed,  by  placing  the  tube  in  cold  wHtcr? 

Do  the  activities  of  this  enzyme  suggest  those  of  any 
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of    the    enzymes    encountered    in    the   animal    body? 
Which  ?  and  Whv  ? 

Inoculation  into  Animals. — As  a  rule,  cultures 
of  this  organism  obtained  directly  from  the  discharges 
of  the  wound  are  capable,  when  intro<luced  into  ani- 
mals, of  producing  diseased  conditions ;  but  cultures 
kept  on  artificial  media  for  a  long  time  may  in  part,  or 
completely,  lose  this  power. 

When  guinea-pigs  or  rabbits  are  inoculated  subcuta- 
neously  with  1  c.c.  of  virulent  fluid  cultures  of  this 
organism,  death  usually  results  in  from  eighteen  to 
thirty-six  hours.  At  the  seat  of  inoculation  there  are 
found  an  extensive  punilent  infiltration  of  the  tissues 
and  a  marked  zone  of  inflammatory  ccdema. 

When  introduced  directly  into  the  peritoneal  cavity 
the  results  are  also  fatal,  and  at  autopsy  a  genuine 
fibrinous  peritonitis  is  found.  There  is  usually  an  ac- 
cumulation of  serum  in  both  the  peritoneal  and  pleural 
cavities.  At  autopsies  after  both  methods  of  inocula- 
tion the  organisms  will  be  found  in  pure  cultures  in 
the  blood  and  internal  viscera. 

When  animals  are  inoculated  with  small  doses  (less 
than  1  c.c.  of  a  bouillon  culture)  of  this  organism  death 
may  not  ensue,  and  only  a  local  inflammatory  reaction 
(abscess-formation)  may  be  set  up.  In  these  cases  the 
animals  are  usually  protected  against  subsequent  inocu- 
lation with  doses  that  would  otherwise  prove  fatal. 

Most  interesting  in  connection  with  bacillus  pyocy- 
aneus  is  the  fact,  as  brought  out  in  the  experiments  of 
Pouchard,  and  of  Charrin  and  others,  that  its  products 
possess  the  }>ower  of  counteracting  the  pathogenic  ac- 
tivities of  bacillus  anthracis.  That  is  to  sav,  if  an 
animal  be  inoculated  with  ^  virulent  anthrax  culture, 
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ami  siHiii  Jitter  U-  iiiiiL^iilateil  witli  it  cnlliirc  i)i'  h/ici/his 
pyocijaneiw,  the  fatal  effects  of  the  former  inoenlation 
may  be  prevented.  Emmerich  and  Low '  are  hiclined 
to  attribute  this  to  the  direct  baetoriolytic  action  of  the 
pyocyaneus  cnzj/mes  upon  the  antiirax  bacilli  introduced 
into  the  tisencs. 

In  the  literature  upon  the  grecn-prodiicing  organisms 
that  have  been  found  in  inflammatory  conditions  sev- 
eral varieties — believed  to  be  distinct  species — have 
been  deacribetl ;  bnt  when  cultivated  side  by  side  their 
biological  differences  are  seen  to  be  so  ulight  as  to  ren- 
der it  probable  tliat  they  are  but  modifit^tions  of  one 
and  the  same  upecies. 

THE  BAtll-r.l'S  OF  BltlOSK;  Pl.Ani'E  (BArTI.I.IS  |■^KTI8). 

Before  passing  from  the  subject  of  suppuration  it 
may  not  be  inappnjpriate  to  call  attention  to  the  light 
that  modern  methods  of  investigation  have  shed  upon 
the  etiology  of  bubonic  plague,  an  epuleraic  disease 
characterized  by  suppuration  of  the  lymphatic  glands, 
and  accompanied  by  a  very  high  rate  of  mortality. 

This  pestilence,  prolrably  endemic  in  certain  sections 
of  the  Orient,  is  one  of  the  most  conspicuous  epidemic 
diseases  of  history.  Since  early  in  the  Christian  era  epi- 
demics and  pandemics  of  plague  have  made  their  appear- 
ance in  Europe  at  ilifFercnt  times.  During  and  for  a  time 
after  the  Middle  Ages  it  was  more  or  less  frequent  in 
India,  China,  Arabia,  Northern  Africa,  Italy,  France, 
Germany,  and  Great  Britain.  In  history  it  is  variously 
known  as  the  "Justinian  Pla^ie"  of  the  sixth  century, 
the  "  Black  Death  "  of  the  fourteenth  century,  and  the 

I  Muiichonpr  iiitil.  Wwhcns-lirift.  la98.  Nu,  40;  OulrulUlnll  fiir 
BHkt«riolnKie  und  INrwitenkundp,  1899,  AM.  1.  No.  I.  p.  33. 
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"  Great  Plague  of  London  "  of  the  seventeenth  century, 
though  it  is  difficult  to  say  to  what  extent  these  pesti- 
lences were  uncomplicated  manifestations  of  genuine 
bubonic  plague.  During  the  existence  of  the  Justinian 
Plague  10,000  people  are  said  to  have  died  in  Con- 
stantinople in  a  single  day,  and  Hecker  estimates  that 
during  the  pandemic  of  the  Black  Death  25,000,000 
people  (a  quarter  of  the  entire  population  of  Europe) 
succumbed  to  the  disease.  During  the  Great  Plague 
of  London  (1664-'65)  the  total  mortality  for  one  year 
was  68,596,  out  of  an  estimated  population  of  460,000 
souls. 

It  is  not  surprising  to  learn  that  it  was  to  guard 
against  the  plague  that  quarantine  regulations  were 
first  established. 

The  first  and  certainly  the  most  exact  information 
up  to  date  concerning  the  cause  and  pathology  of  the 
plague  resulted  from  the  investigations  of  Yersin,  of 
Kitasato,  and  of  Aoyama,  conducted  during  the  epi- 
demic of  1894  in  Hong-Kong,  China;  although  since 
then  numerous  other  investigators  have  made  addi- 
tional important  contributions  to  our  knowledge  of 
the  subject.  The  results  of  these  studies  demonstrate 
that  bubonic  plague  is  an  infectious,  not  markedly  con- 
tagious, disease  that  depends  for  its  existence  upon  the 
presence  in  the  tissues  of  a  sp(»cific  micro-organism — 
the  so-called  plague  or  pest  bacillus. 

This  organism  is  described  as  a  short,  oval  bacillus, 
usually  seen  single,  sometimes  joined  end  to  end  in  j)airs 
or  threes,  less  commonly  as  longer  threads.  It  stains 
more  readily  at  its  ends  than  at  its  centre.  It  is  some- 
times capsulated  ;  is  non-sj)ore-f()rmin<r ;  is  aerobic,  and 
is  non-motile.     It  is  found  in  large  numbers  in  suppu- 
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raline:  glands,  {iiiil  in  much  smaller  niimlieit-  in  the  cir- 
culating hlrMKl.     (Fig.  02.) 


l»  •'  4»t» 


bacillus  very  niucb  ciiliir 

It  is  (Jem  oust  ruble  in  cover-slip  prt-purutionB  made  I 
frum  the  pus  and  in  sections  of  the  glauds  by  the  ordi-  .1 
nun-  stAining-mcthfKls, 

Wilm  '  has  found  it  by  culture  methods  in  the  spleen, 
lungs,  liver,  kidneys,  stomach,  witUs  of  the  intestine, 
urine,  and  mtestinul  contents  of  fresh  cadavers;  and 
during  life  in  the  bI(«Ml,  c-tpcctomtion,  fieces,  and  urine 
of  patients  sick  of  plague.  He  failed  to  find  it  in  the 
perspiration. 
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Ycrsin  states  that  it  docs  not  retain  the  color  when 
treated  by  the  method  of  Gram ;  while  Kitasato  says 
that  it  at  one  time  stains  bv  this  method  and  at  another 
it  becomes  decolorized.  Aovama  observed  that  those 
ba(^illi  within  the  suppurating  glands  were  decolorized, 
while  those  in  the  blood  retained  the  stain  when  treated 
by  Gram's  method. 

Since  there  is  often  a  mixed  infection  in  these  cases, 
it  appears  likely  that  the  above  discrepancy  may  be 
attributed  to  individual  peculiarities  of  different  species 
of  bacteria  that  were  under  examination,  an  opinion 
that  is  bonie  out  by  more  recent  studies,  from  which  it 
has  been  decided  that  the  genuine  plague  or  pest-bacillus 
does  not  stain  by  Gram's  method. 

It  may  be  cultivated  upon  ordinary  nutrient  media, 
although  preference  is  given  by  some  to  a  neutral  or 
slightly  alkaline  2  per  cent,  peptone  solution  containing 
from  1  to  2  per  cent,  of  gelatin. 

The  most  favorable  temperature  for  its  growth  is 
between  36°  and  39°  C.  Its  coh)nies  on  glycerin-agar- 
agar  and  on  coagulated  blood-serum  are  described  as 
iridescent,  transparent,  and  whitish.  On  gelatin  at 
18°-20°  C.  it  develops  as  small,  shar|)ly  defined,  white 
colonies  without  liquefaction  of  the  medium.  In  stab- 
cultures  it  develops  both  on  the  surface  and  along  the 
track  of  the  nee<lle.  Its  growth  is  slow.  It  does  not 
cause  a  diffuse  clouding  of  bouillon,  but  grows  rather 
as  irregular,  flocculent  clumps  that  adhere  to  the  sides 
or  sink  to  the  bottom  of  the  vessel,  leaving  the  fluid 
clear.  It  shows  but  limited  growth  on  potato.  It  does 
not  ferment  glucose*  with  production  of  gjis,  nor  does  it 
form  indol.     It  coagulates  milk. 

This  organism  is  killed  by  drying  at  ordinary  room- 
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t(-m[vr;itiirf  in  fimr  days.  It  is  killwl  in  llircc  i.r  timr 
hours  by  dirfi;!  sunliglit.  It  is  destroyeii  in  a  half  hour 
by  80°  C,  and  in  a  few  niintiU's  by  100°  C.  (steam). 
It  \s  killod  in  one  hour  by  1  jkt  cent,  i^rbolic  acid 
and  in  two  hours  by  1  per  cent,  milk  of  lime.' 

It  is  pathogenic  for  rata,  micir,  guinea-pigs,  rabbity 
hogs,  horses,  monkeys,  cats,  chickens,  and  sparrows. 
Pigeons,  hcdgehf^,  and  frogs  arc  inimime,  and  d(^ 
and  bovines  are  appaiTntly  so.'  Animals  sufcuml)  to 
subcutaneous  inoculation  in  fmni  two  to  three  days. 
According  to  Yersin,  the  site  of  subcutjineous  inocu- 
lation becomes  cedematous  and  the  neighlmring  lym- 
phatics are  enlarged  in  a  lew  hours.  After  twenty-ibur 
hours  tiie  animal  is  quiet,  the  hair  is  rumpled,  tears 
stream  fn>ra  the  eyes,  and  later  wnvulsions  set  in,  which 
last  till  death.  The  rcsulta  found  at  autopsy  are :  blood- 
stained oedema  at  the  site  of  inoculation,  reddening  and 
swelling  of  the  lymphatic  glands,  bloody  extravasation 
into  the  abdominal  walls,  serous  ed'tision  into  the  pleu- 
ral and  peritoneal  cikvities ;  (be  intestine  is  occasionally 
hyjwnemic,  the  adrenal  IxKlies  congested,  and  the  spleen 
enlarged,  often  being  studded  witli  grayish  points,  sug- 
gestive of  miliary  tubercles.  The  plague,  or  pest,  ba- 
cillus is  detected  iu  lai^'  numbers  in  the  local  cedcma, 
the  lymph-glauds,  the  blood,  and  the  internal  organs. 

As  is  the  case  in  general  with  the  gi-oup  of  liemor- 
rhagic  si-pticwmia  biurleriii,  the  members  of  which  it 
rcsembliv  iu  certain  nthcr  nspects,  when  death  does  not 
result  promptly  alWr  tufi^tiou   there  is  usually  only 

1  Hub  ■■  Vialiility  of  ilii>  Buuilliia  l\«lda."  Iiy  M.  J.  RiMi-nnu,  U.  S, 
UarliiG-H<wpi*.al  Servioo,  IlLilJeliu  Nu.  4,  of  Iho  HygiHoii:  tjilionitur]', 
U.  a  H.-II.,  Wuhingluii,  t>.  ('.,  1901. 

>  Nattsll :  Ceiitntlblac  (Qr  BHkteriulugiu  nod  I'ttnwltcukuDde,  1S9T, 
Abl.  i.  Bd.  isii,  8.  97. 
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local  evidence  of  the  inoculation,  the  distribution  of  the 
micro-organisms  thn)Ughout  the  body  being  considerar 
bly  diminished. 

Animals  that  survive  inoculation  with  this  organism 
usually  exhibit  a  certain  degree  of  immunity  from  sub- 
sequent infection. 

Nuttall  *  notes  that  feeding-experiments  have  resulted 
in  fatal  infection  in  gray  and  white  rats,  house-  and 
field-mice,  guinea-pigs,  rabbits,  hogs,  apes,  cats,  chick- 
ens, sparrows,  and  flies.  He  also  calls  attention  to  the 
fact  that  flies  may  live  for  several  days  after  being  in- 
fected with  this  organism,  and  if  at  liberty  to  fly  about 
may  manifestly  infect  persons  or  food-stuffs  on  which 
thev  alicjht  or  fall. 

The  bacilli  apparently  lose  their  virulence  after 
long-continued  cultivation  under  artificial  conditions, 
and  it  is  said  that  from  slowly  developing,  chronic 
buboes  non-virulent  or  feebly  virulent  cultures  are 
often  obtained.  Variations  in  the  degree  of  virulence 
have  been  observed  in  different  colonies  from  the  same 
source.  Virulence  is  said  by  Yersin,  Calmette,  and 
BorreP  to  be  accentuated  by  passing  the  organism 
through  a  series  of  susceptible  animals. 

In  man  the  bacilli  are  most  numerous  in  the  en- 
larged, suppurating  lymphatics.  They  are  present,  but 
in  smaller  numbers,  in  the  blood  and  the  internal 
organs. 

It  has  been  observed  that  in  the  suppurating  lym- 
phatic glands  of  man  a  variety  of  organisms  may  be 
present,  but  among  them  are  always  the  plague  bacillus. 
Occasionally,  microc'occi   predominate.     In   these  cases 

^  NuttaU :  loc.  cit. 

»  Annales  de  I'lnstitut  Pasteur,  1895,  p.  589. 
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of  mixed  infection  the  pest  bacilli  arc  said  t^  stain  kss 
inU-nst'ly  with  alkaline  methylent'-blue  than  do  the 
Rtnptocooci,  and  more  intensely  than  do  the  staphylo- 
cocci that  are  present.  Also,  in  this  event,  the  strepto- 
cocci retain  the  Gram  stain,  while  the  pest  bacilli  do  not 
and  the  staphylococci  may  or  may  not.  It  has  been 
siig^stcd  that  possibly  the  organisms  fonnd  by  Ritasato 
in  the  blood,  and  which  he  describes  as  pest  bacilli, 
that  retained  the  color  when  treated  by  the  method  of 
Gram,  were  pairs  of  micrococci,  and  not  bacilli  at  all. 

It  is  the  opinion  of  Aoyania  that  the  snppnration  of 
the  glands  is  not  caused  by  the  plague  bacillus,  but  is 
rather  the  result  of  the  action  of  the  pyogenic  cocci 
with  which  it  is  so  often  associated.  It  is  also  his 
Ijclief  that  the  most  imi>ortant  and  frequent  mode  of 
infection  in  mnn  is  through  wounds  of  the  skin.  He 
does  not  regard  cither  the  air-passages  or  the  alimentary 
tract  as  frequent  portals  of  infection.  Wilm,  on  the 
contrary,  is  inclined  to  r^ard  the  alimentary  tract  as  a 
frequent  portal  of  infection  ;'  and  subsequent  investigaf 
tions  leave  little  doubt  that  infection  occasionally  occurs 
through  the  respiratory  tract. 

The  order  in  which  the  Ij-niphatics  manifest  disease 
appears  to  depend  upon  the  location  of  the  primary 
infection.  That  is  to  say,  if  it  is  upon  the  feet,  as  of 
IM-rsons  who  go  barefooted,  the  superficial  and  deep 
inguinal  glnnds  are  the  first  to  show  signs  of  the  dia- 
cBse ;  while  if  infection  occurs  through  wounds  of  the 
hand,  the  buboes  ap])ear  first  in  the  axillary  region. 
As  a  rule,  the  wound  through  which  infection  is  re- 
wived  kIiowb  little  or  no  infliunmatory  reaction.' 


mill  of  Aoy»mft  tove  been  e»: 
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Wyssokowitz  and  Zabolotny*  call  attention  to  the 
fact  that  the  blood  of  patients  convalescing  from  plague 
has  an  agglutinating  action  upon  fluid  cultures  of  the 
plague  bacillus  analogous  to  that  observed  when  the 
blood-serum  of  typhoid  or  of  cholera  patients  is  mixed 
with  similar  cultures  of  the  typhoid  or  the  cholera 
bacillus. 

Yersin,  Calmette,  and  Borrel  *  have  demonstrated  that 
the  general  principles  underlying  the  establishment  of 
artificial  immunity  apply  as  well  to  this  disease  as  to 
a  number  of  others.  They  have  shown  that  by  the  use 
of  dead  cultures  (destroyed  by  heat)  of  the  plague 
bacillus  animals  may  be  rendered  immune  from  infec- 
tion by  the  virulent  living  organism.  They  have  also 
shown  that  the  serum  of  the  blood  of  these  animals  is 
not  only  capable  of  conferring  immunity  upon  other  ani- 
mals into  which  it  is  injected,  but  it  has  curative  proper- 
ties as  well,  providing  it  be  employed  at  an  early  stage  of 
the  disease.  In  1896  Yersin*  used  the  serum  of  arti- 
ficially immunized  horses  in  the  treatment  of  plague 
in  human  beings.  Of  26  persons  (3  in  Canton  and  23 
in  Amoy,  China)  who  received  injections  of  the  serum 
during  the  early  stages  of  the  disease,  in  no  case  later 
than  the  fifth  day,  only  2  died.  Comparing  this  mor- 
tality of  7.6  per  cent,  with  the  mortality  of  80  per  cent, 
among  persons  in  this  epidemic  who  were  treated  in 
other  ways,  he  feels  justified  in  regarding  the  method  as 
worthy  of  consideration, 

haustively  reviewed  by  Flexner  in  the  Bulletin  of  the  Johns  Hopkins 
Hospital,  1894,  vol.  v.  p.  96,  and  1896,  vol.  vii.  p.  180.  I  am  indebted 
to  these  reviews  for  much  that  is  here  presented  on  this  subject. 

1  Annales  de  I'lnstitut  Pasteur,  1897,  p.  663. 

«  Ibid.,  1895,  p.  589. 

8  Ibid.,  1897,  p.  81. 


CHAPTER    XVII. 


spa  tutu  Boptiei 


Obtain  from  a  tuberculous  patient  a  samplo  of  fresh 
sputum— tbat  of  the  morning  is  preferable.  Spread 
it  in  a  thin  layer  upon  a  black  glass  plate  and  select 
one  of  the  small,  white,  cheesy  masses  or  dense  mu- 
cous climips  scattered  through  it.  With  a  pointed 
forceps  smear  this  carei'uUy  upon  two  or  three  thin 
cover-slips,  dry  and  fix  them  in  the  way  given  for 
onlinary  cover-slip  preparations.  Stain  one  in  the 
ordinary  way  with  LiJffler's  alkaline  methylene-blue 
solution,  one  other  by  the  Gram  method,  and  a  third 
Hflvr  the  method  given  for  tubercle  bacilli  iu  fluids  or 
sputum. 

In  thiit  stained  by  Loffler'a  method — slip  No,  1 — 
will  be  seen  a  groat  variety  of  organisms — round  celle> 
anls,  short  and  long  rods,  perhaps  spiral  forms.  But 
».4  inflwiiK'iitly  will  be  seen  diplococci  having  more 
w  l««  «f  a  lancet  shape,  joined  tt^ther  by  their 
b«nJ  owls,  tlic  |x>ints  of  (he  lanoet  being  away  from 
ri^  Miint  of  juncture  of  the  two  cells.  There  may 
^to  W  MVQ  inas!*eH  of  cocci  which  are  conspicuous  by 
^mk  MiMwrwut  intt)  groups  of  fours,  the  adjacent 
^g/^^r  Wi^  mmowhat  tlattt-ned.  They  are  not  sar- 
^■L.^^»  ^M  !ve  by  the  altsence  of  tlie  division  in 
^^^^  j^HOM  of  spacer — they  divide  in  only  two 
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In  the  slip  stained  by  the  Gram  method  the  same 
groups  of  cocci  which  grow  as  threes  and  fours 
will  be  seen;  but  the  lancet-shaped  diplococci  now 
present  an  altered  appearance — they  are  usually  sur- 
rounded by  a  cxipsule.  This  capsule  is  very  deli- 
cate in  structure,  and,  though  a  frequent  accompani- 
ment, is  not  constant.  It  can  sometimes  be  demon- 
strated by  the  ordinary  methods  of  staining,  though 
the  method  of  Gram  is  most  satisfactory.     (Fig.  64.) 

In  the  third  slip,  which  has  been  stained  by  the 
method  given  for  tubercle  bacilli  in  sputum,  if  decolor- 
ization  has  been  properly  conducted  and  no  contrast- 
stain  has  been  employed,  the  field  will  be  colorless  or 
of  only  a  very  pale  rose  color.  None  of  the  numerous 
organisms  seen  in  the  first  slip  can  now  be  detected ; 
but  instead  there  will  be  seen  scattered  through  the 
field  very  delicate  stained  rods,  which  present,  in 
most  instances,  a  conspicuous  beading  of  their  pro- 
toplasm— that  is,  the  staining  is  not  homogeneous, 
but  at  tolerably  regular  intervals  along  each  rod  are 
seen  alternating  stained  and  unstained  points.  These 
rods  may  be  found  singly,  in  groups  of  twos  and  threes, 
and  sometimes  in  clumps  consisting  of  large  numbers. 
When  in  twos  or  threes  it  is  not  uncommon  to  find 
them  describing  an  X  or  a  V  in  their  mode  of  arrange- 
ment, or  again  they  may  be  seen  lying  parallel  the  one 
to  the  other. 

If  contrast-stains  are  used,  these  rods  will  be  detected 
and  recognized  by  their  retaining  the  original  color 
with  which  they  have  been  stained  ;  whereas  all  other 
bacteria  in  the  preparation,  as  well  as  the  tissue-cells 
which  are  in  the  sputum,  will  take  up  the  contrast- 
color.     (Fig.  63.) 


HACTERTOLOGY. 

TliiH  iI<!lii<aU!  bi'iuled  nxi  is  bacillus  fubemihsls.    The 
lan'-ct-sliajiKl  iliplwocciis  with  the  capsule  is  inlcrocwtnu 


Itinasolaius.  The  coed  grouped  in  Imireare  vacrococcuK 
Utragetuu, 

Inoculation  Exi-khiment. — Imieiilate  into  the 
Biilxiiitaneous  tissues  of  a  guinea-pig  one  of  the  small, 
wliito,  cjtBeoiis  iiiji8scu  t^iinilar  to  that  which  has  been 
uxainined  niicru9fopi(Milly.  If  death  ensues,  it  will,  in 
all  prolmhility,  be  the  result  of  one  of  the  three  follow- 
ing forms  of  infection : 

a.  Kupticffimia '  nsniting  fmm  the  introduction  into 
tli()  tiiwuea  of  iin  organism  frei|Uently  present  in  tiie 
it]iiiUini.  It  is  ilcsignatcd  varionsly  as  micrococcus  of 
Bjiuliiin  ncpliciemia,  diploooceua  pneumonue,  pneumo- 
i>i«i''ii«  of  Krlinket,  meningococcus,  «ir(j)toeoccu«  lan- 
miitiiliui  J'tmUiiri,  mierocoeeiis  tiinceokUus,  mierocoams 
I'tulrurl,  fvn'cim  bmcmltitus,  buinlluJt  eatiramis  KrpCicug, 
t  Ihiillrnimla  I*  tlml  hrm  of  inTivUnn  in  wlilcli  tho  blood  is  tlio  cbiel 
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bddUiLS  septicus  spuiigenusy  diplococcus  Uinceokdus  cap- 
sulatuSy  micrococcus  pneumonic^  crouposcc. 

b.  A  form  of  septicsemia  resulting  from  invasion 
of  the  tissues  by  an  organism  frequently  seen  in  the 
sputum  of  tuberculous  subjects.  It  is  characterized 
by  its  tendency  to  divide  into  fours.  It  is  micro- 
coccus tctragenus. 

c.  Local  or  general  tuberculosis. 

a.   SPUTUM   SEPTICEMIA. 

If  at  the  end  of  twenty-four  to  thirty-six  hours  the 
animal  be  found  dead^  we  may  reasonably  predict  that 
the  result  was  produced  by  the  introduction  into  the  tis- 
sues of  the  organism  of  sputum  septiciemia  above  men- 
tioned, VIZ.,  micrococcus  lanceolatus,  which  is  not  uncom- 
monly found  in  the  mouths  of  healthy  individuals  as 
well  as  in  other  conditions. 

Inspection  of  the  seat  of  inoculation  usually  reveals 
a  local  reaction.  "  This  may  be  of  a  serous,  fibrinous, 
hemorrhagic,  necrotic,  or  purulent  character.  Fre- 
quently we  may  find  combinations  of  these  conditions, 
such  as  fibro-purulent,  fibrino-serous,  or  sero-hemor- 
rhagic."*  The  most  conspicuous  naked-eye  change 
undergone  by  the  internal  organs  will  be  enlargement 
of  the  spleen.  It  is  usually  swollen,  but  may  at  times 
be  normal  in  appearance.  It  is  sometimes  hard,  dark 
red,  and  dry ;  or  it  may  be  soft  and  rich  in  blood.  Fre- 
quently there  is  a  limited  fibrinous  exudation  over  i)or- 
tions  of  the  peritoneum. 

Except  in  the  exudations,  the  organisms  are  found 
only  in  the  lumen  of  the  bloodvessels,  where  they  are 

*  Welch  :  Johns  Hopkins  Hospital  Bulletin,  December,  1892,  vol.  iii. 
No.  27. 
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usually  present  in  enormous  numbers.  In  the  blood 
they  arc  practically  always  free,  and  are  but  rarely  found 
within  the  bodies  of  leucocytes. 

In  stained  preparations  from  the  blood  and  exudates 
a  capsule  is  not  infrequently  seen  surnmnding  the  organ- 
isms.   (Fig.  64.)    Tills,  however,  is  not  constant. 

FlQ.64. 


(- 


Micrococcus  lanceolatus  in  l»lood  of  ra))bit.    Stunned  by  method  of  Gram. 

]>o(;<>l<>rizati<)ti  not  coiupleU'. 

If  a  drop  of  blood  from  the  (h'ad  animal  be  intro- 
duced into  the  tissues  of  a  S(»roiid  animal  (mouse*  or 
rabbit),  identically  tlu^  wmie  conditions  will  be  repro- 
duced. 

If  the  ()r<raiiism  bo  isolated  in  pure  culture  from  the 
blood  of  the  nniinal,  and  a  portion  of  this  culture  be 
introduced  int<>  the  tissues  of  a  susceptible  animal, 
we  shall  see  a^iiiii  the  siime  ])athologieal   picture. 

It  must  be  remembered,  however,  that  this  ca- 
puiism  when  cultivated  for  a  time  on  artificial  media 
rapidlv  loses  its  pathogenic  properties.  If,  therefore, 
failure  to  rei)ro(lnce  the  disease  after  inoculation 
with  old  cultures  sluMild  occur,  it  is  in  all  probability 
due  to  a  loss  of  virul(?ncc  of  the  organism. 
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This  organism  was  discovered  by  Sternberg  in  1880. 
It  was  subsequently  described  by  A.  Frankel  as  the 
etiological  factor  in  the  production  of  acute  fibrinous 
pneumonia. 

It  is  not  uncommonly  present  in  the  saliva  of  healthy 
individuals,  having  been  found  by  Sternberg  in  the  oral 
cavities  of  about  20  per  cent,  of  healthy  persons  examined 
by  him,  and  certain  authors  are  of  the  opinion  that  it 
occurs  in  the  oral  or  nasal  cavities  of  all  individuals 
at  various  times  during  life.  It  is  constantly  to  be 
detected  in  the  rusty  sputum  of  patients  suffering  from 
acute  fibrinous  pneumonia.  Its  presence  has  been  de- 
tected in  the  middle  ear,  in  the  pericardial  sac,  in  the 
pleura,  and  in  the  serous  cavities  of  the  brain ;  and 
indeed  it  may  penetrate  from  its  usual  site  of  develop- 
ment in  the  mouth  to  any  of  the  more  distant  organs. 

The  organism  is  commonly  found  as  a  diplococcus, 
though  here  and  there  short  chains  of  four  to  six  indi- 
viduals may  be  detected.  (Fig.  64.)  The  individual 
cells  are  more  or  less  oval,  or,  more  strictly  speaking, 
lancet-shaped,  for  at  one  end  they  are  commonly  point(»d. 
When  joined  in  pairs  the  junction  is  always  at  the 
broad  ends  of  the  ovals,  7iever  at  the  pointed  extremities. 
When  in  chains  only  the  terminal  cells  are  pointed,  and 
then  at  their  distal  extremities. 

As  already  stated,  in  preparations  directly  from  the 
sputum  or  from  the  blood  of  animals  a  delicate  capsule 
may  frequently  be  seen  surrounding  them.  Though 
fairly  constant  in  preparations  directly  from  the  l)lood 
of  animals  and  from  the  sputum  or  lungs  of  pneumonic 
patients,  the  capsule  is  but  rarely  observed  in  artificial 
cultures.  Oceasionallv  in  cultures  on  l)lood-serum,  in 
milk,   and   on    agar-agar   it    can,   according  to  some 
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authors  be  deUnrteii :  but  thLf  L^  by  ni>  means  coit^taiit, 
or  eveu  tVetjuent. 

Kveu  uutler  the  nlOt^t  &vorable  artitioial  comlitioiis 
this  onranL^m  ^rc^^^  but  c^lowly  and  tirequentlv  not  at 
all 

When  sueivsi^tully  grown  upon  the  different  media  it 
|)tn'M.'Uts  s<Huo^%  hat  the  toUowui&r  appearances : 

Ihi  ^'latiu  its  vlevelopment  i^f  very  limited  and  often 
iH>  «:rv»wth  at  all  vH.vuris  This  is  pri>lxil»ly  due  in  part 
to  tlie  low  temperature  at  which  gelatin  cultures  must 
U*  kept.  If  devek>pment  occurs*  the  growth  appears 
as  minute  whitish  or  blue- white  points  on  the  plates. 
Tln^st*  verk*  simiU  it^Kniies  are  rouml*  tiuely  granular, 
sluirplv  cin^'iuiisi'rilHxL  ami  slightly  elevated  abme  the 
mirtaiv  of  the  g^'latin.  They  do  not  cause  lique&etioo 
of  the  gi»latin. 

1  f  gnnvn  in  slant-  or  stalM^uItures*  the  surfiRv-devel- 
opmeiit  is  verj"  limiteil :  along  the  ntWIe^track  tiny 
whitish  t>r  bluish-white  granult^  app*-ar. 

On  nutrient  :igar-ag:ir  the  o^hniits  are  almost  trans- 
|vin»nt,  mori*  or  It»ss  glistening,  and  vt  n-  delicate  in 
stnictnn\  0\\  bl«xnl-senini  ih-vt-lopnifnt  is  more 
nKirk^nl,  though  still  oxtn^niely  fifblf*,  apfK-aring  as 
a  tlustor  of  is«»lattMl  tine  ptints  gnnving  v\im'\y  side  by 

(in>wth  on  iM>tat<>  is  not  usually  obs^Tved. 

W  lion  grown  in  milk  it  commonly  (•au.*K»s  an  acid 
reaction  with  coiiici<lrnt  <*oagulation  of  the  c:is<»in. 
Some  varieties,  cs|H»cially  non-viriilent  ones,  do  not 
cojigulatc  milk.* 

It  is  not  motile. 

It  grows  best  at  a  temperature*  of  from  35^  to  38°  C 

*  Welch :  loc.  cit. 
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Below  24°  C.  there  is  usually  no  development,  but  in  a 
few  cases  it  has  been  seen  to  grow  at  as  low  a  tempera- 
ture as  18°  C.     Above  42°  C.  development  is  checked. 

It  grows  as  well  without  as  with  oxygen.  It  is 
therefore  one  of  the  facultative  anaerobic  forms. 

Cultivation  of  this  organism  is  most  successful  when 
the  agar-agar-gelatin  mixture  of  Guarniari  is  employed. 
(See  this  medium.) 

It  may  be  stained  with  the  ordinary  aniline  staining- 
reagents.  For  demonstrating  the  capsule  the  method 
of  Gram  and  the  acetic-acid  method  give  the  best  re- 
sults.    (See  Stainings.) 

This  organism  is  conspicuous  for  the  irregularity  of 
its  behavior  when  grown  under  artificial  conditions : 
usually  it  loses  its  pathogenic  properties  after  a  few 
generations ;  but  again  this  peculiarity  may  be  retained 
for  a  much  longer  time.  Not  rarely  it  fails  to  grow 
aflx^r  three  or  four  transplantations  on  artificial  media, 
though  at  times  it  may  be  carried  through  many  gen- 
erations. 

Inocuiation  into  ANiMAiii. — The  results  of  inocu- 
lations with  pure  cultures  of  this  organism  are  also  con- 
spicuous for  their  irregularity.  When  the  organism  is 
of  full  virulence  the  form  of  septicspmia  just  described 
is  usually  procluced,  but  at  times  it  is  found  to  be  totally 
devoid  of  pathogenic  powers :  between  these  extremes 
cultures  may  be  obtained  possessing  every  variation  in 
the  intensity  of  their  disease-producing  properties. 
The  principal  pathological  conditions  that  may  be  pro- 
duced by  the  inoculation  of  susceptible  animals  with 
this  organism  are,  according  to  the  degree  of  its  viru- 
lence, acute  septicaemia,  spreading  inflammatory  exuda- 
tions, and  circumscribed  abscesses.     All  three  of  these 
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ujiulitions  may  wonn'tinit'S  be  produced  by  inociilatine 
rabbits  with  the  sume  cultures  in  varying  amounts. 

Itabbits,  mice,  giiincu-pigH,  dog»,  rats,  cats,  and  shec 
are  susceptible  to  inleetiou  by  this  organism.  Chicken 
and  pigeons  art;  insusceptible.  Young  animals,  i 
rule,  are  more  caaily  infected  than  old  ones, 
and  mice  are  the  most  Busceptible  of  the  animals  i 
for  experimental  jturposeB,  and  iu  testing  the  virulciw 
of  a  culture  it  is  well  to  inoculate  one  of  each,  for  tf 
same  culture  may  sometimes  be  virulent  for  mice  i 
not  for  rabbits,  and  vice  vcrsfi. 

If  the  culture  is  virulent,  intravascular  or  intra 
peritoneal  injections  into  rabbits  may  pnxluee  rapid  a 
fatal  septicemia ;  while  subcutaneous  inoculation  of  th< 
same  material  may  result  in  only  a  liMyjliaed  inflammsii 
tory  process.  On  the  otlier  hand,  subcutaneous  inoculft; 
tion  of  less  virulent  cultures  may  produce  a  local  pre 
while  intravenous  inoculation  may  be  without  i 
This  organism  is  the  cause  of  a  number  of  patholo^ofl 
conditions  in  human  btnngs  tli.at  have  not  hitherto  bet 
considered  as  related  to  one  another  ctiol epical ly. 
is  always  present  in  the  inflamed  area  of  the  lung  i 
acute  fibrinous  or  lobar  pneumonia ;  it  is  known  to  caue 
acut*'  ccrebro-spinal  meningitis,  endo-  and  ]]ert -carditia, 
tvrtain  forms  of  pleuritis,  arthritis  and  peri-arthriti8|1 
ami  otitis  me<lia. 


b.  BEiTIf.EMIA  CAUSED  BY  MICIHXXKX'L'B  TETRAOENUH.  J 
Hhouhl  the  death  of  the  animal  not  occur  within  thsl 
first  twenty-eight  to  thirty  hours  after  inoculation,  but>  J 
he  ])Ostponcd  until  between  the  fourth  and  eighth  day,  it  I 
may  result  from  the  invasion  of  the  tissues  by  the  organ-  ] 
ism  now  to  be  described,  vii,,  micrococciui  tftrngciiiu 
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This  organism  was  discovered  by  Gaffky,  and  was 
subsequently  described  by  Koch  in  the  account  of  his 
experiments  upon  tuberculosis.  It  is  often  present  in 
the  saliva  of  healthy  individuals  and  is  commonly 
present  in  the  sputum  of  tuberculous  patients.  Koch 
found  it  very  frequently  in  the  pulmonary  cavities  of 
phthisical  patients.  It,  however,  plays  no  part  in  the 
etiology  of  tuberculosis. 

It  is  a  small  round  coccus  of  about  1  ji  transverse 
diameter.  It  is  seen  as  single  cells,  joined  in  pairs, 
and  in  threes ;  but  its  most  conspicuous  grouping  is  in 
fours,  from  which  arrangement  it  takes  its  name.  In 
preparations  made  from  cultures  of  this  organism  it 
is  not  rare  to  find,  here  and  there,  single  bodies  which 
are  much  larger  than  the  other  individuals  in  the  field. 
Close  inspection  reveals  them  to  be  cells  in  the  initial 
stage  of  division  into  twos  and  fours.  A  peculiarity 
of  this  organism  is  that  the  cells  are  bound  together 
by  a  transparent  gelatinous  mass. 

When  cultivated  artificially  it  grows  very  slowly. 

Upon  gelatin  plates  the  colonies  appear  as  round, 
sharply  circumscribed,  punctiform  masses  which  are 
slightly  elevated  above  the  surface  of  the  surrounding 
medium.  Under  a  low  magnifying  power  they  are  seen 
to  be  slightly  granular  and  to  present  a  more  or  less 
glassy  lustre. 

The  colonies  increase  but  little  in  size  after  the  third 
or  fourth  day.  If  cultivated  as  stab-(niltures  in  gelatin, 
there  appears  upon  the  surface  at  the  jx)int  of  inocula- 
tion a  circumscribed  white  point,  slightly  elevated  above 
the  surface  and  limited  to  the  immediate  neighborhood 
of  the  point  of  inoculation.  Down  the  needle-track  the 
growth  is  not  continuous,  but  appears  in  isolated,  round, 
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(Iciise  white  clumps  or  baide,  wliich  do   not  develop 
l>eyond  very  small  poiuts. 

It  does  not  liqnelj-  gelatin. 

Upon  plates  of  nutrient  agar-ajrar  the  colonies  appear  I 
as  Bniftll,  almost  transparent,  ronnd  points,  which  have  \ 
about  the  same  color  and  appearance  as  a  drop  of  e 
albumin ;  they  are  very  elightly  opaque.  They  are  1 
moifit  and  glifitening.  They  rarely  develop  to  an  extent  ' 
exceeding  1  to  2  mm.  in  diameter. 

Uifon  agar-agar  as  stab-  or  Klant^cnltureg  the  surfiice- 
growth  has  more  or  less  of  a  mucoid  appearance.  It 
is  moist,  glistening,  and  irregularly  outlined.  The  ont- 
line  of  the  growth  depends  upon  the  moisture  of  the 
agar-agar.  It  is  slightly  elevated  above  the  surface  of 
the  medium. 

In  contrudistinetion  to  tlie  gelatin  stab-cnltnres,  the 
growth  in  agar-agar  is  continuous  along  the  track  of 
the  needle. 

The  growth  on  potato  is  a  thick,  irregular,  slimy* 
looking  patch. 

The  transparent  mucilaginous  substance  which  is  seen 
to  surround  these  organisms  renders  them  coherent,  aoJ 
that  effortt  to  take  up  a  portion  of  a  colony  from  tbAi 
agar-agar  or  potato  cnltures  result  usnally  in  drawingJ 
out  fine,  silky  threads,  consisting  of  organisms  imbedded  J 
in  the  mucoid  material. 

The  organism  grows  best  at  from  .35°  to  ■IS"  C,  but  I 
can  be  cultivated  at  the  ordinary  room -temperature —  I 
about  20°  C. 

The  growth  under  all  conditions  is  slow. 

It  grows  both  in  the  presence  of  and  without  oxygen,  j 

It  is  not  motile. 

It  stains  readily  with  all  the  ordinary  aniline  dyes. 
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In  tissues  its  presence  is  readily  demonstrated  by  the 
stain ing-method  of  Gram. 

The  grouping  into  fours  is  particularly  well  seen  in 
sections  from  the  organs  of  animals  dead  of  this  form 
of  septicaemia.  In  such  sections  the  organisms  will 
always  be  found  within  the  capillaries. 

Inoculation  into  Animai^. — To  the  naked  eye 
no  alteration  can  be  seen  in  the  organs  of  animals  that 
have  died  as  a  result  of  inoculation  with  micrococ<ius 
tetragemis;  but  microscopic  examination  of  cover-slip 
projmrations  from  the  blood  and  viscera  reveals  the 
presence  of  the  organisms  throughout  the  body-^-espe- 
cially  is  this  true  of  preparations  from  the  spleen. 
White  mice  and  guinea-pigs  are  susceptible  to  the  dis- 
ease. Gray  mice,  dogs,  and  rabbits  are  not  susceptible 
to  this  form  of  septicfiemia.  Subsequent  inoculation  of 
healthy  animals  with  a  drop  of  blood,  a  bit  of  tissue,  or 
a  portion  of  a  pure  culture  of  this  organism  from  the 
b(Mly  of  an  animal  dead  of  this  disease,  results  in  a  re- 
production of  the  conditions  found  in  the  dead  animal 
from  which  the  tissues  or  cultures  were  obtained. 

It  sometimes  happens  that  in  guinea-pigs  which  have 
been  inoculated  with  this  organism  local  pus-formations 
result,  instead  of  a  general  septiexemia.  The  organisms 
will  then  be  found  in  the  pus-cavity. 
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c.   LOCAI,  OK  fiENERAI,  TXIBERCITLOSIS. 

Siioinj)  the  animal  Biiccnnib  to  neither  of  the  septiqiJ 
prooeaees  just  <legeribei],  then  its  death  from  tubcrculomei" 
may  be  reasonably  expeutetl. 

When  this  disease  is  in  pnjgress  alterations  in  the 
lymphatic  glands  nearest  the  site  of  inwiilation  may 
be  detected  by  the  touch  in  from  two  to  four  weeks. 
They  will  then  be  found  enlni^d.  Though  not  con- 
uttint,  tnniefiictioii  and  subsequent  uleeratiou  at  iJie 
point  of  inoculation  may  lie  observed.  Prngreesive' 
emaciation,  loss  of  appetite,  and  difficulty  in  n^spiratJon 
lK>int  to  the  existence  of  the  general  tuberculous  prucesa. . 
Death  ensues  in  fi»m  four  to  eight  weeks  after  inocula-' 
tion.  At  autopsy  eitlier  general  or  hnrnl  tuberculous 
may  be  found.  Tlie  expressions  of  tulx-rculosis  are  eo 
manifold  and  in  different  animals  varj-  so  widely  the: 
one  from  the  ntlier,  that  no  fixe<l  law  as  to  what  will 
apjiear  at  autopsy  <^in  i)  priori  he  laid  down. 

The  guinea-jiig,  which  is  best  suited  for  this  experi- 
ment because  its  susceptibilitv  to  tuberculosis  is  greater 
and  more  constant  than  tlmt  uf  other  animals  usually 
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found  in  the  laboratorj',  presents,  in  the  main,  changes 
that  are  characterized  by  coagulation-necrosis  and  case- 
ation. This  is  particularly  the  case  when  the  infec- 
tion is  general — i.  e.,  when  the  process  is  of  the  acute 
miliary  type ;  then  the  tissues  of  the  liver  and  spleen 
present  the  most  favorable  field  for  the  study  of  this 
{)athological-anatomical  alteration. 

In  general,  the  tubercular  lesions  can  be  divided  into 
those  of  strictly  focal  character — i.  c,  the  miliary  and 
the  conglomerate  tubercles — and  those  which  are  more 
diffuse.  The  latter  lesions,  although  fundamentally 
of  the  same  nature  as  the  miliary  tubercles,  are  much 
greater  in  extent  and  not  so  shaq>ly  circumscribed. 
These  latter  lesions  play  a  more  conspicuous  rdle  in  the 
pathology  of  the  disease  than  do  the  miliary  nodules, 
although  it  is  to  the  presence  of  the  miliary  nodules  that 
the  disease  owes  its  name. 

At  autopsy  the  pathological  manifestations  of  the  dis- 
ease are  not  infrequently  seen  to  be  confined  to  the  seat 
of  inoculation  and  to  the  neighboring  lymphatic  glands. 
These  tissues  then  present  all  the  characteristics  of  the 
tuberculous  process  in  the  stage  of  cheesy  degeneration. 
When  the  disease  is  more  general  the  degree  of  its  ext<?n- 
sion  varies.  Sometimes  the  small  gray  nodules — mili- 
ary tubercles — are  only  to  be  seen  with  the  naked  eye  in 
the  tissues  of  the  liver  and  spleen.  Again,  they  may  in- 
vade the  lung,  and  frequently  they  are  distributed  over 
the  serous  membranes  of  the  intestines,  the  lungs,  the 
heart,  and  the  brain.  These  gray  nodules,  as  seen  by 
the  naked  eye,  vaiy  in  size  from  that  of  a  pin-jwint  to 
that  of  a  hempseed,  and,  as  a  rule,  are,  in  this  stage,  the 
result  of  the  fusion  of  two  or  more  smaller  miliary  foci. 
Though  the  two  terms  "miliary"  and  "conglomerate'' 
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i  emptored  fi«  tbe  iterripbcw  of  Ae  matmta 
:  of  these  nodules,  yet  h  is  T«fT  nrdy  ll 
any  condition  other  than  that  dae  to  the  fiisian  i 
wv«fal  of  theae  miiurte  fbd  can  be  drtected  by  I 
t»l  eye. 
e  miliaiy  tubercle?  are  of  a  pale  giay  eolor,  with  a 
e  oentR-,  ar^  slightly  devalml  atmnp  the  sur&rje  of 
the  Uasue  in  which  they  are  locatetl.  an*],  as  stated,  vsiy 
ooosdenbly  in  dinwnaioiu,  tii<ialiy  appearing  as  points 
which  nuige  in  uxe  fexD  that  of  a  pin-ptMol  to  that  of 
a  pin-bead.     Tber  are  not  only  k«ahil  npoa  the  surf 
of  the  oigaos,  bat  are  di:^tribtlted  thmogh  the  depths  0 
the  tiasnes.   To  the  loairh  they  ^ometinies  present  i 
ing  characteristic,  bat  when  closely  poeked  tt^ethcr  ill  I 
lafge  numbers  they  usually  give  a  mealy  or  sandy  b 
aalioo  to  the  band  pa^^setl  over  them.     Stained  aectioaB  J 
of  miliary  tabertrles  present  a  dii^tinctly  cliaiaetoTtstilt  f 
appearance,  and  the  di»sise  may  be  <liagnustic8tMl  bjr  j 
tlif«e  hiHtologieal  ehunges  alone,  though  the  crucial  t 
in  tlte  dia^osiM  is  the  demootttmtion  of  tubercle  bacilli^ 
wiihin  ()■•'  niHliiles. 

MiiTOiwopTc  Appearasck  op  Miliary  TrBBib-f 
ci.KH, — A    miliar}-  tubercle   under  a   low   mi^nifyit^l 
|Niwer  oC  (he  micrnscopc  preuoDts  wjniewhat  tlie  follows  I 
injf  up|x-iiranee  :  there  in  a  centnl  pale  aiva,  eviden^ 
con)[Ki!«-il  of  netTotic  ti^uc  Ivenuse  uf  its  inmpuci^ 
for  taking  up  the  mielear  stains  (vminionly  employedifl 
Bratten-d  ihnnigh  Uiih  necrotii- an-a  may  be  «<een  gnuinlai 
nuWM-H  irri'Kulftr  in  iii»>and  shape  ;  tliey  liike  up  thestainsl 
pnipl<>)-«l  and  are  evidently  fnignicnts  of  ecil-nuclei  ii 
n»inc  of  <Wtnieti(in.     Thnnijili  the  neerotic  area  marl 
here  and  there  \>e  wh*m  im-gulur  lincH,  bunds,  or  ridges,  th^  I 
ramainii  of  tiiwucft  not  yet  completely  destroyed  by  the  T 


LOCAL  OB  GENERAL  TUBERCULOSIS,         333 

necrotic  process.  Around  the  periphery  of  this  area 
may  sometimes  be  noticed  large  multinucleated  cells, 
the  nuclei  of  which  are  arranged  about  the  periphery 
of  the  cell  or  groui>ed  irregularly  at  its  poles.  The 
armngement  of  these  nuclei  as  observed  in  sections 
is  usually  oval,  or  somewhat  crescentic.  In  tuber- 
cles from  the  human  subject  these  large  "  giant-cells," 
as  they  are  called,  are  quite  common.  They  are  much 
less  frequent  in  tubercular  tissues  from  lower  ani- 
mals. 

Round  about  the  central  focus  of  necrosis  is  seen  a 
more  or  less  broad  zone  of  closely  packed  small  round 
and  oval  bodies,  which  stain  readily  but  not  homoge- 
neously. They  vary  in  size  and  shape,  and  are  seen  to 
be  imbedded  in  a  delicate  network  of  fibrinous-looking 
tissue.  This  fibrin-like  network  in  which  these  bodies  lie, 
and  which  is  a  common  accompaniment  of  giant-cell  for- 
mation, is  in  part  composed  of  fibrin,  but  is  in  the  main, 
most  probably,  the  remains  of  the  interstitial  fibrous 
tissue  of  the  part.  This  zone  of  which  we  are  speak- 
ing is  the  zone  of  so-called  "granulation-tissue,"  and 
consists  of  leucocytes,  granulation-cells,  fibrin,  and  the 
fibrous  remains  of  the  orgjin  ;  the  irn^gularly  oval,  gran- 
ular boflies  which  take  up  the  stain  are  the  nuclei  of 
these  cells.  The  zone  of  granulation-tissue  surrounds 
the  whole  of  the  tuberculous  process,  and  at  its  periphery 
fades  gradually  into  the  healthy  surrounding  tissues  or 
fuses  with  a  similar  zone  surrounding  anotlier  tubercu- 
lar focus.  This  may  be  taken  as  a  description  of  the 
typical  miliary  tubercle. 

DiFFUSK  Caseation. — The  diffuse  caseation,  as  said, 
plays  a  more  importjuit  r6le  in  the  tuben^ulous  lesion, 
both  in  the  human  and  experimental  forms,  than  does 
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the  fomialiou  of  niilian*  tuljorclt'S.  In  tliis  a  large 
nrua  of  tissiif  uiidet^oea  the  same  process  of  ni-erosia  _ 
aiwl  caseation  as  the  centre  of  the  miliary  tubercle. 
In  certain  tissues,  notably  the  lungs  and  lymphatlcB, 
it  \&  more  marked  than  in  others.  In  rabbits,  par- 
tieularly,  all  the  changes  in  the  lung  freqnently  come 
under  this  head.  When  this  is  the  case  solid  masses 
are  found,  sometimes  as  large  as  a  pea,  or  involving 
cveu  an  t'utire  lobe  or  the  whole  lung  iu  some  cases. 
They  arc  of  a  whitish-yellow,  opaque  color,  and  on  sec- 
tion are  peculiarly  dry  and  hard.  Entire  lymphatic 
glands  may  be  changed  in  this  way.  The  conditions 
which  appear  to  be  most  favorable  to  the  occurrence 
of  this  wi<lespread  caseation  of  the  tissues  are  the 
simultaneous  deposition  of  a  large  number  of  tuliercle 
bacilli  in  them,  and  the  involvement  of  a  wide  area  in- 
stead of  a  single  isolated  point,  as  in  the  miliary  tubercle. 
Necrosis  is  so  rajtid  tliat  time  does  not  siiQice  for  those 
reactive  changes  to  take  place  in  the  tissues  which  resnlt 
in  the  formation  of  the  outer  zone  of  the  miliar}'  tubercle. 
In  other  instam^es  the  entire  caseous  area  is  surroumicd 
by  a  granulation-zone  similar  to  that  around  the  caseoua 
centre  of  the  miliary  tul)ercles.  It  is  of  special  im- 
portance to  ret^)gnize  the  etiological  connection  between 
this  difluse  caseation  and  the  tubercle  l>aeillus,  because 
until  its  nature  was  accurately  detennined  caseous  pneu- 
monia of  the  lungs  formed  the  chief  obstacle  which 
many  encwuntored  in  recognizing  the  specitic  infectious- 
ness of  tubereidosis. 

Cavity-formatkw. — The  production  of  cavities,  a 
prominent  feature  in  human  luhcrculosis,  particularly 
of  tlie  lungs,  is  due  to  R>fteniug  of  the  necrotic, 
caseous   masses   or  of  aggregations   of  miliary  tuber- 
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cles.  The  material  softens  and  is  expelled,  and  a 
cavity  remains.  In  the  wall  of  this  cavity  the  tuber- 
culous changes  still  proceed,  both  as  diffuse  caseation 
and  formation  of  miliary  tubercles.  The  whole  cavity 
with  the  reactive  changes  in  the  tissues  of  its  walls 
may  be  properly  conceived  as  a  single  gigantic  tuber- 
cle, its  wall  forming  a  tissue  very  analogous  to  the  outer 
zone  of  the  single  tubercle,  the  cavity  itself  correspond- 
ing to  the  caseous  centre. 

In  animals  used  for  experiment  cavity-formation  of 
this  sort  is  very  rare,  owing  to  the  greater  resistance  of 
the  caseous  tissue.  That  it  is,  however,  possible  to 
j)roduce  in  rabbits  pulmonary  cavities  in  all  physical 
respei^ts  similar  to  those  seen  in  the  human  being 
has  been  beautifully  demonstrated  by  Prudden.  He 
showed  that  when  he  had  injected  fluid  cultures  of  strep- 
tocoants  pyogeties  into  the  trachea  of  rabbits  already  af- 
fected with  tubercular  consolidation  of  the  lungs,  the 
result  of  the  mixed  infection,  thus  brought  about  was 
cavity-formation  in  eight  out  of  nine  lungs  subjected  to 
the  conditions  of  the  exj)eriment ;  while  in  only  one  out 
of  eleven  did  cavities  form  under  the  influence  of  the 
tubercle  bacillus  alone.^ 

In  the  contents  and  in  the  walls  of  tubercular  cavi- 
ties in  man  bacteria  other  than  bacillus  tuberculosis  are 
found.  It  is  to  the  influence  of  some  of  these,  as  we 
have  seen,  that  diseases  other  than  tuberculosis  mav 
sometimes  be  produced  by  the  inoculation  of  animals 
with  the  sputum  from  such  cases;  and  it  is  also  to  the 
absorption  of  their  toxic  products  that  some  of  the  con- 

*  Prudden:  "  Experimental  Phthisis  in  R^ibbits,  \>'ith  the  Formation 
of  Cavities,"  etc.,  Transactions  of  the  Association  of  American  Physi- 
cians, 1H94,  vol.  ix.  p.  166. 
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atitiitioiial    maiiift'staticjns  commouly  soon   in  wiscw 
advanced  pulmonary  tubereulasis  are  attriljiited. 

Encapsulation  op  Tubercular  Foci. — It 
uncommonly  occurs  tlmt  round  about  a  necrotic  tulwr^n 
culous  focii8  there !»  formed  a  fibrous  ca{>sule  which  may 
completely  shut  off  the  diHease<l  from  the  healthy  tii^j^ue 
surrounding  it ;  or  a  tubereiiluuN  fuetis  uiay,  through  the 
resistance  of  the  Uh^uc  in  whicli  it  i.'^  locate,  l»c  moru 
or  less  completely  i»olutcd.  In  this  condition  the  dis- 
eased foci  may  lie  dormant  fur  a  long  time  and  give  no 
evidence  of  their  existfuce,  until  thpy  are  caused  to 
break  thnmgh  their  envelopes  by  fiome  disturbing 
cause.  With  the  passage  of  the  liacilU  or  their  spores 
from  such  a  focus  into  the  vascular  or  lymphatic  c 
dilation  the  disease  may  become  general. 

It  is  to  some  such  accident  as  this  that  th«  sudden'] 
appearance  of  general  tubercular  iufection  in  subjec 
supposed  to  have   reoovttred    from   the  primary  loct^l 
manifestations  may  often.be  attributwl.     The  breaking 
down  of  old  caseous  lymphatic  glands  is  a  comnuM 
example  of  this  iveurrenw-  of  tiibereiilosis. 

PRIMAHY  Inffxtion.  —  PHimiry  infection  ■ 
through  either  the  vascular  or  lymphatic  circulati< 
Through  tliese  channels  the  IwicilU  gain  access  to  t 
tissues  and  become  lodged  in  the  finer  capillary  ramii 
cations  or  in  the  more  minute  lymph-s[)uees.  Hu 
they  find  conditions  favorable  to  their  developmeatJ 
and  in  the  eourse  of  their  life-prowwses  protUice  sni 
stances  of  a  chemical  nature  which  serve  t*>  brinj 
about  clmmeteristic  chant's  in  the  immediate  nelghb 
hood.  In  the  beginning  tlie  fixed  ix;1Ih,  partieularly  tilt 
endothelial  <-clls  of  the  capillaries  and  lymph-space 
are  stimulated  to  prulifer-atiun.     With  tlie  onset  of  this^ 
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phenomenon  karyokinesis,  evidence  of  cell  multiplica- 
tion may  readily  be  detected  in  and  about  the  affected 
focus.  As  proliferation  continues  and  as  the  loctil  cir- 
culation becomes  more  and  more  impaired,  the  centre  of 
the  diseaseil  area  gradually  assumes  a  condition  of  iu- 
activity,  and  ultimately  presents  all  the  characteristics 
of  dead  and  dying  tissue.  This  death  of  tissue  is  one 
of  the  earliest,  the  most  easily  recognizeil,  and  the  most 
characteristic  results  of  tubercular  infection,  and  may 
usually  be  detec^ted,  in  greater  or  less  degree,  even  in 
the  youngest  and  most  minute  tubercles.  With  the  pro 
duction  of  this  progressive  necrosis — for  progressive  it  is, 
as  it  proceeds  as  long  as  the  bacilli  live  and  continue  to 
produce  their  poisonous  products — there  is  in  addition 
a  reactive  change  in  the  surrounding  tissues,  which 
consists  in  the  formation  of  a  granulation-zone  at  the 
outer  margins  of  the  dying  and  dead  tissue.  This  zone 
consists  of  small,  round  granulation-cells  and  of  leuco- 
cytc»s,  all  of  which  are  seen  in  the  meshes  of  the  finer 
fibrous  tissues  of  the  part.  At  the  same  time  altera- 
tions are  produced  in  the  walls  of  the  vessels  of  the 
locality  \  these  tend  to  occlude  them,  and  thus  the  proc- 
ess of  tissue-death  is  favored  by  a  diminution  of  the 
amount  of  nutrition  brought  to  them.  These  changes 
may  continue  until  eventually  conglomerate  tubercles, 
widespread  caseation,  or  cavity-formation  results;  or 
from  one  cause  or  another  the  life-processes  of  the 
bacilli  may  be  checked  and  recovery  occur. 

Modes  of  Infection. — Experimentally,  tuberculosis 
may  be  produced  in  susceptible  animals  by  subcutaneous 
inoculation,  by  direct  injection  into  the  circulation, 
by  injection  into  the  peritoneal  cavity,  by  feeding  of 
tuberculous  material,  by  the  introduction  of  the  bacilli 
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from  the  lumen  of  the  intestines  into  the  internal 
or^^ans  and  tissues.  They  may  be  transported  from 
tlie  intestinal  tract  into  the  lymphatics  in  the  same 
way  that  the  fat-droplets  of  the  chyle  find  entrance 
into  the  lymphatic  circulation. 

Unlike  most  pathogenic  organisms,  the  tubercle  ba- 
cillus is  believed  to  have  the  property  of  forming  spores 
within  the  tissues.  These  spores,  which  are  presum- 
ably highly  resistant  and  not  destroyed  by  drying, 
are  thrown  off  from  the  lungs  in  the  sputum  of  tuber- 
culous patients  in  large  numbers ;  and  unless  special 
j)recautions  be  taken  to  prevent  it,  the  sputum  becomes 
dried,  is  ground  into  dust,  and  sets  free  in  the  atmos- 
phere the  spores  of  tubercle  bacilli  which  came  with  it 
from  the  lungs,  and  which  have  the  proj)erty  of  ex- 
citing the  disease  in  a  certain  number  of  persons  who 
inhale  them.  The  frequency  of  pulmonary  tuber- 
culosis points  to  this  as  one  of  the  commonest  sources 
and  modes  of  infection  in  human  beings.  This  opinion 
is  borne  out  by  statistical  studies  upon  the  disease,  as 
well  as  by  such  evidence  as  Cornet '  has  produced  upon 
the  infective  nature  of  dust  taken  from  apartments 
occupied  by  persons  suffering  from  pulmonary  tuber- 
culosis. 

IjiX'ATiON  OP  THE  Bacii.t.i  IN  THE  TI8SUES. — The 
bacilli  will  be  found  most  numerous  in  those  tissues 
which  are  the  seats  of  the  active  stage  of  the  process. 

In  the  initial  stage  of  the  disease  the  bacilli  will 
l)e  fewer   in    mmiber   tlian    later.     At  this    time   only 

ft- 

single  rods  may  here  and  tluTo  be  found  ;  later  they 
are  more  numerous;  and,  finally,  when  the  process 
has  advanced  to  a  stage  easily  recognizable  l)y  the  naked 

»  Comet:  ZeifcHjIirift  fur  Hyj^ieius  1SS9,  Bd.  v.  S.  191. 
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eye,  they  are  found  in  tliL'  gran  illation -zone's  in  olni 
and  scatUTed  about  in  largo  numlHJifi. 

In  the  central  neerotic  masses,  which  consist  of  cell* 
detritus,  it  is  rare  that  the  organisms  can  be  demon- 
Btrated  niicro^'Opicfilly.  It  is  at  the  periphery  of  thes 
areas  and  in  the  progressing  granular  zone  tliat  thej 
are  most  frequently  to  be  seen. 

This  apparent  absence  of  the  bacilli  fix)m  the  central' 
nocrotie  area  and  oft*?n  from  old  caseous  tissues  must 
not  be  taken,  however,  as  evidence  tliat  these  materials 
are   not   infet^tive.      As   l>acilli,   they   are   diflicidt   to 
demonstrate  here  iM'cause  Uu-  probabilities  are  that  at 
this  stage  of  the  proct-ss,  owing  to  (Ntnditions  nnfavor- 
able   to   their  ftirtlier  gntwth,  they  an-  in  tlie  spore^ 
stage,  a  stage  in  which  it  is  as  yet  imposs 
our  present  methods  of  staining,  t«  render  them  vim 
hie.     Tile  facts   that  tliis  tissue  is  infective,  and  1 
with   it  the  disease  can  be  reprotinced   in  siiacepdbl 
animals,  speak   for   the   accui-aey  of  this  Bfisumptioaa 
A  eonapicuous  example   of  this  condition    \»   seeD 
old   scrofulous   glands.     These  glands  tisnally  pre 
a  slow   process,  are   commonly   ejisoous,   and   slwayf 
possess  the   projH'rty  of  producing   the   disease  whi 
introduced  into  the  tiasuos  of  susceptible  antnialB,  a 
yet  tJiey  are  the  most  difficult  of  all  tissues  in  which  ti 
demonstrate   microscopically  the   presence  of  tiil>ercl4 
bacilli. 

Ill   tubercles  containing  giant-cells  the   bacilli   i 
usually  be   demonstrated  in  the   granular  contents  » 
these  cells.     Fretiuently  they  will   be  fonnd   accumu-t] 
Inteil  at  the  pole  of  the  cell  opposite  to  tliut  oceupiec 
by  the  nuclei,  as  if  there  existc<l  an  antagonism  WtweeD^ 
the   nnelei   and  the  bacilli,     in   some  of  these  cell^l 
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however,  the  distribution  of  the  bacilli  is  seen  to  be 
irregular,  and  they  will  be  found  scattered  among  the 
nuclei  as  well  as  in  the  necrotic  centre  of  the  cell.  As 
the  number  of  bacilli  in  the  giant-cell  increases  the  cell 
itself  is  ultimately  destroyed. 

Tubercular  tissues  alw^ays  contain  the  bacilli  or  their 
spores,^  and  are  always  capable  of  reproducing  the  dis- 
ease when  introduced  into  the  body  of  a  susceptible 
animal.  From  the  tissues  of  this  animal  the  bacilli 
may  be  obtained  and  cultivated  artificially,  and  these 
cultures  are  capable  of  again  producing  the  disease 
when  further  inoculated.  Thus  the  postulates  for- 
mulated by  Koch,  which  are  necessary  to  prove  the 
etiological  r6k  of  an  organism  in  the  production  of  a 
malady,  are  fulfilled. 

THE  TUBERCLE  BACILLUS. 

Of  the  three   pathogenic  organisms  liable  to  occur 

in  the  sputum  of  a  tuberculous  subject,  the  tubercle 

bacillus  gives  us  the  greatest  difficulty  in  our  efforts  at 

cultivation. 

It  is,  in  the  strict  sense  of  the  word,  a  parasite,  and 

finds  conditions  entirely  favorable  to  its  development 
only  in  the  animal  body.  On  ordinary  artificial  media 
the  bacilli  taken  directly  from  the  animal  body  grow 
only  very  imperfectly,  or,  in  many  cases,  not  at  all. 
From  this  it  seems  probable  that  there  is  a  difference 
in  the  nature  of  individual  tubercle  bacilli — some 
appearing  to  be  capable  of  growth  in  the  animal  tis- 
sues only,  while  others  are  apparently  possessed  of  the 
power  to  lead  a  limited  siipropliytic  existence.  It  may 
be,  therefore,  that  those  bacilli  which  we  obtain  as  arti- 

1  The  property  of  siwrc-formatiou  is  as«uraed,  not  proved. 
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.  fnnii  the  iiiiiraal  ImhIv  are  oiTsprint^  i 
the  more  MUpn>iiliytk'  variL'tifs.  At  Itent,  one  never  » 
with  the  liibercte  ItacUhis  a  saprophy'lc  ix)iitiUioQ  i 
any  way  eoiupanible  to  that  possei^'setl  by  muny  of  t 
othtT  ur^iii»nici  with  which  we  have  to  deal. 

For  tlio  euUivalion  of  hiinlliia  tuhrrculonlti  directly 
fruin  the  tittHties  uf  the  aniiiiiil,  tlie  mi-thud  liy  which  o 
obtains  tho  liest  results  is  tliat  reetimmended  by  Kool^ 
vi/.,,  onltivntion  upon  blood-serum.  Its  ]iun)sitie  teUi 
dcneies  are  bo  proiiotiiii^d  that  even  very  slight  variutioiu 
in  the  conditions  nnder  whieli  one  endeav<jra  t«i  isola 
hiiriUuM  liiberculoxiji  from  tlie  ti!<snea  may  cau 
tiultire.  It  is,  thfreriiri-,  ncww-ary  lliat  tlic  injiinetion 
for  olitaiuing  it  in  puR^  enltnre  ohoulil  lje  uircfullyf 
obiwrvoil. 

PRKI'AHATION  op  Cl'LTlIREK  FROM  TlSSfES.- 

Htrietiftt  antiseptic  preeautions  remove  from  the  anini 
thi!  diseaBeU  organ — the  liver,  spleen,  or  a  lyntplia 
Kltitid  being  preferable,  Phiw  the  tissue  in  a  iiU-rili« 
IVtri  di>ih,  and  disst^^t  out  with  st^riliste<l  scissors  i 
(liri'i'|W  the  email  tnlieivnlar  nmlnles.  Plaee  eitch 
ilhoii  ihi'  surfaee  of  the  bluod-serum,  one  nodule  i 
I'lU'h  lube,  and  wilbonl:  attempting  to  bn^ak  it  up  e 
Mliiiiir  il  "ver  the  tiiirlace,  h-ave  it  for  tlmr  or  five  day^ 
lit  thi>  lliriilwtor.  After  tliis  time  it  may  be  mh 
nvi'l'  Hit'  NllHiiee  of  the  serum.  The  object  of  this  ii 
u|vi'  hi  thii  liaciin  in  the  nodule  an  opjwrtiiuity  t 
WH1iI|'1^>  '""'''''  Hie  favorable  conditions  of  teroperatiil 
W^l  H(nl«tiiWi,  iH'fbre  an  effiirt  is  made  to  distribute  tl 
yVW  S\w  "HvHiW  of  the  miilinm.  It  is  Ijest  to  diss 
<^ttH,\  UWI*.V  I"  lliirry  Mieh  liilxreles  and  treat  each  in! 
(^,  ^UU'  tt^V.  Hi>nii'  "f  ♦!)(•  Inbes  will  n^niain  sterile,* 
uiiKiltHliV  W  vtim«uililiil'''l  hy  i-xtraneous  saprophytic 
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organisms  during  the  manipulation,  while  a  few  may 
give  the  result  desired,  viz.,  a  growth  of  the  tubercle 
bacillus  itself. 

The  blood-serum  upon  which  the  organism  is  to  be 
cultivated  should  he  comparatively  freshly  prepared — 
that  is,  should  not  be  dry. 

After  inoculating  the  tubes  they  should  be  carefully 
sealed  to  prevent  evaporation  and  consequent  dry- 
ing. This  is  done  by  burning  off  the  overhanging 
cotton  plug  in  a  gas-flame,  and  then  impregnating 
the  upj>er  layers  of  the  cotton  with  either  sealing- 
wax  or  [mraffin  of  a  high  melting-point ;  or  by  insert- 
ing over  the  burned  end  of  the  cotton  plug  a  soft, 
closely  fitting  cork  that  has  been  sterilized  in  the 
steam  sterilizer  just  befoi'e  using  (Ghriskey).  This 
precaution  is  necessary  because  of  the  slow  growth  of 
the  organism.  Under  the  most  favorable  conditions 
tubercle  bacilli  directly  from  the  animal  body  show  no 
evidence  of  growth  for  about  twelve  days  aft;er  inocu- 
lation upon  blood-serum,  and,  as  they  must  be  retained 
during  this  time  at  the  body-temperature — 37.5°  C. — 
evaporation  would  take  place  very  rapidly  and  the 
medium  would  become  too  dry  for  their  development. 

If  these  primary  efforts  result  in  the  appearance  of  a 
culture  of  the  bacilli,  further  cultivations  may  be  made 
by  taking  up  a  bit  of  the  colony,  preferably  a  moder- 
ately large  quantity,  and  transferring  it  to  fresh  serum, 
and  this  in  turn  is  sealed  up  and  retained  at  the  same 
temperature.  Once  having  obtained  the  organism  in 
pure  culture,  its  subsequent  cultivation  may  be  con- 
ducted upon  the  glycerin-agar-agar  mixture — ordinary 
neutral  nutrient  agar-agar  to  which  from  4  to  6  per  cent, 
of  glycerin  has  been  added.     This  is  a  very  favorable 
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fi'-iiil  i-iilliinx  rroti)  llic  iiiiiiniil  UhIv  iirc  •iir^|inti}!ft  i 
tin-  inure  wiiinipliyritr  viirict re-.  Al  licet,  uii«  iii-vcr  b«m 
willi  iIk'  IiiImti'Ic  iHK'illiif*  a  m[ir*i\>hy',c  aHiilUioii  in 
luiy  wiiy  c'liiiiiiinililr  lii  tliiil  iwimmcwmmI  liy  many  of  tlie 
odiiT  tii'ifiiiii-in*  wiili  mIiIi-Ii  wc  Imvi-  U>  (Wl. 

I''..r  III.-  ciilliviili'.n  .rf  hm-illa«  InUvn-nh^u.  ilinn-tlv 
I'n.iii  tij.-  li^Hii'-  ..t'll.r  iiiiij..>il,  III.'  iii<'t|].Ml  1>y  wliidi  otR- 
ohtuiitM  tlid  Ix'^il  n-HiilU  Ik  thai  ivi-tmiiiK'tiiktl  l>y  Kot-li, 
viz.,  (iiiltiviilimi  ii|ii>ii  bliXHUniTiim,  llw  )uraHiti«  U'U- 
ilcni-icM  HIV  Ml  jiiiiiiiiiiii(x.>J  lliiit  cvi'ii  very  A\^\i  viiriiitiuiui 
111  lliir  »ii)tlitiiinn  iiiKltT  wliii'li  line  fiuiiiiviirM  to  imilutf 
hiiritliiH  Infiircu/imii  Jritlii  tlid  liwiicx  nmy  ciiiiBf  tdtul 
fiiilim',  ll  in,  (licri'fWrc,  Tii(>i'>iwiry  lliiit  llic  iiijiinotKiiiH 
(iir  iililiiiiiiii^'    it    ill    |mrc-    riillun'   hlmiilil    In-  cHrcfiillj' 

uh^TVCll. 

PiUCrAKATItiN  (ir(  Vl.TritlX  1'lin.M  TlMKHm. — I'luItT 
Mtriiit<wt  aiili»"e|ilu'  (ircciniliinin  rcmuvt'  from  llu'  iinimul 
till-  ilU'HH<'il  iirjpiii— llic  liver,  «[ilcen,  or  a  lyiii|iliiiliiT 
kIumiI  Ix'init  |irefeniiilc.  I'liicc  tlic  tiKMiie  in  ii  hliriliwd 
I'i'iri  ilinli,  mill  ilt^'«'i'l.  out  wIlli  HLerili»^cil  Nei»>F^iiv  and 
lliivij..!  llic  ..mall  litlH'ivular  ii...]nl<N.  I'laec  iwli  ii.HliiIe 
iiix.ii  tlic  MiiHiui.'  of  the  M.hKl-si'rinn.  one  noiltile  iti 
cacli  tiilrt',  anil  witlmnl  attcni|iliiij;  to  liir-ak  it  up  or 
Kiunir  it  over  llic  Kiirfiice,  leiive  ll  tl.r  liinr  or  live  ilHys 
ill  llic  iiicMlmt.ir.  Allcr  lliiw  time  it  may  Iw  rulibed 
over  tlic  fiiirliii-c  ..f  the  fcriim.  The  olijcet  of  lliiw  iw  to 
givv  to  llie  liaeilli  in  lh<>  iKnlnle  an  ii]>]Kirliuiity  to 
mulliply,  under  the  I'avimilile  i-omliiionw  of  ti<m|H'ratnrf> 
anil  inoidlnre,  iK'fore  nn  elTorl  is  umile  l>>  ilislrilmle  ihem 
over  the  snrface  of  thi-  meiiinni.  It  i;i  liesl  to  iliswiH't 
Ipn-les  anil  tn-at  each  in 
vlll  nn)tiiii  sterile, 
Miicoti^  siiimiihytic 


Tiih'  rn^fi'fitih'  K It ^^iirx 
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Iwoillus  ilsoltl 

Tho  hUHnksonuu  upon  \\\\M\  \\\\^  %\\)i^\\\\n\\\  in  \s\  \\%\ 
cultivattHl  sImuKI  U^  i^M\\\w\v\\{Wv\\  \\vn\\\y  \\\\^\mv\\ 
that  is,  shoiiUi  not  ho  ihw 

AOvr  iniNMihitiniJ:  tho  (nhon  thoy  nhnnhl  hn  (Hth«l\ill,v 
houUmI   to   prt»vi»nt    ovapornthui   atttl    tMttm(M|Monl    th\v 
in^.     Thin   in  ihww   hy  hnnihi^:  olV  I  ho   ovitrhan^hiu; 
(M)tton   phi^   \u   a  piH-(Ianus  and   Hmmi    hn|int^nathiH: 
tho   np|NT  hyvvH  of  (ho    tMition  whh   ohhor  NMilhiH; 
wax  or  paraflhi  of  a  hi^^h  nlol^hl^  pohil  i  of  hy  hmot'l 
infr  ()V(>r  iho   hurno<l  on<l  ol*  fho   oollon  phi|f  a  mmHi 
cUmoly  fitting  vnvU    thai    han   hoon   nfot'lllKoil    hi   fho 
HtxMim   Htorili/or  jiiHt   holoro   ui^hi^  ((ihrlHlioy).     11iU 
prooaniion  in  nooi*HHiiry  hooani^o  of  Iho  i^hfW  i^r'owlh  of 
tho  (»rf^iniHrn.      llnHor  iho  uumi  Tavorahh^  oofolilhMm 
tuhorohf  Imoilli  <liroo||y  from  tho  anhniil  ho<ly  «how  no 
cv'uh'ucA*  of  ^owih  for  ahoiii  twolvo  <hiy«  iiflor  \wh*ii 
latioii  n|Kin  Uhfiul'm*rutUf  mulf  an  ihoy  lunni  ho  rofahfod 
during  thin  tirno  iit  tho  Ini^ly-ii'tiip'niHfr'o     /J7,ft"  (?, 
evap>nttiofi   wouhl   takif   pl«i'^f  vory   riij/idly  mimI   Mm' 
rn<f<liijfii  wouM  \H'r4tuu*  Uttt  tiry  ftff  ihoir  *U'St'\n\mwiil, 

If  thc**^'  priifiary  t^'iffin  nmuU  iu  lU*'  nffjunrawdt  of  « 
irultur^  ^/f  th*;  SituMt^  furiS^'f  /'uUJv«lJ/;fi«  MM<y  J^'  ^o^l/' 
hy  taking  up  a  hit  «f(  iU**  t*jtt\smyf  ffr*f*  rnhiy  h  9t*^fi\*f 
at^ly  larger  t^ttHftUiy^  ari/1  itaititU'ffiuyr  if  ^>/  ff'/h  f^  t^tm, 
aiKi   thb*  III  tiifii   !*•  h'hU'^S  t$ff  itt$^t  fi-iHift^A  ul  ih'  /*^^/i^ 

ynT*i   ^rfjItuP',  it»   *nif^':0^*M^ti  ^illif  '^/^ 
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mediiini  tiir  itie  gruwtli  nf  tiii^  orgaitinm  iifter  il   hafl  | 
accommodated  itself  to  its  eapn»phytic  mode  of  exist 
ence,  though  blood-scrnm  is  perhaps  the  best  mediuDi| 
to  be  employed  in  ohtatiiing  the  first  generatioii  of  t 
orgnnism  from  tuberculous  tiseueB. 

The  or^iiism  may  be  cultivat«Hi  alsii  on  neutral  a 
to  which  1  ]>er  cent,  of  agar-agar  lias  been  added,  \ 
upon  the  surface  of  jwtato,  and  likewise  in  meat-infti 
sion   bouillon   containiug   from   4   to   ti    per   ceut.   ofj 
glyrcriD. 

Cultures  of  the  tubercle  bacillus  are  characterist 
in  appearance — once   having  seen  them  there  is  littl^ 
probability   of  subsequent   mistake.     They  appear  i 
dry  masses,  which  may  develop  upon  the  surface  offl 
tlic  medium  either  as  Hat  scales  or  as  coarse  granulan^ 
masses.     They  arc  never  moist,  and  frequently  have 
appearance  of  dr\-  meal  spread  iqxin  the  surface  of  t 
medinra.     In  the  lower  part  of  the  tube  in  which  then 
are  growing — l.  c,  that  part  irccupied  by  a  few  drops  nfS 
fluid  which  has  in  jiart  been  squeezed  from  the  mediun 
during  the  process  of  solidilication,  and  is  in  part  wate 
of  condensation — the  colonies  may  be  seen  to  float  aai| 
thin  pellicle  U[K»n  the  surface  of  the  tluid. 

The   individuals  composing   the   growth   adhere  i 
tenaciously  t<^ther  that  it  is  with  the  greatest  diffl 
oulty  they  can  be  separated.     In  even  the  oldest  aadQ 
dryest  ouUuna  pulverization  is  impoHsible.    The  nia 
can  only  be  separated  and  broken  up  by  grinding  inl 
a  mortar  with  the  addition  of  some  foreign  substance, 4 
such  as  very  fine,  st^^riliKed  sand,  dust,  etc. 

The  cultures  are  of  a  dirty-drab  or  brownish-gray  J 
color  when  seen  on  serum  or  glycerin-agar-agar. 

On  potato  they  grow  in  |)racticaily  the  same  wiiy, 
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though  the  development  is  much  more  limited.  On 
this  medium  they  are  of  nearly  the  same  color  as  the 
potato  on  which  they  are  growing.  When  cultivated 
for  a  time  on  potato  they  are  said  to  lose  their  patho- 
genic properties. 

On  milk-agar-agar  they  are  of  so  nearly  the  same 
color  as  the  medium  that,  unless  they  are  growing  as 
characteristic  mealy-looking  masses,  considerably  ele- 
vated above  the  surface,  their  presence  is  less  conspicu- 
ous than  when  on  other  media. 

In  bouillon  they  grow  as  a  thin  pellicle  on  the  sur- 
face. This  may  fall  to  the  bottom  of  the  fluid  and  con- 
tinue to  develop,  its  place  on  the  surface  being  taken  by 
a  second  pellicle. 

The  tubercle  bacillus  does  not  develop  on  gelatin 
because  of  the  low  temperature  at  which  this  medium 
must  be  used. 

Microscopic  Appearance  of  Baciij.us  Tuber- 
CTTi^osis. — Microscopically  the  organism  itself  is  a 
delicate  rod,  usually  somewhat  beaded  in  its  struc^ture, 
though  rarely  it  is  seen  to  be  homogeneous.  It  is  either 
quite  straight,  or  somewhat  curved  or  bent  on  its  long 
axis.  In  some  preparations  involution-forms,  consisting 
of  rods  a  little  clubbed  at  one  extremity  or  slightly 
bulging  at  different  points,  may  be  detected.  Branch- 
ing forms  of  this  organism  have  been  described.  It 
varies  in  length — sometimes  being  seen  in  very  sliort 
segments,  again  much  longer,  though  never  as  long 
threads.  Usually  its  length  varies  from  2  to  5  fi.  It 
is  commonly  described  as  being  in  length  about  one- 
fourth  to  one-half  the  diameter  of  a  red  blowl-corpuscle. 
It  is  very  slender.     (See  Fig.  63.) 

These  rods  usually  present,  as  has  been  said,  an  ap- 
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jicariiniT  ijf  alUTiiate  istaiiied  ami  cthlitrUiM.-*  [Kirtioiisj 
The  latter  jiortions  are  lielievcd  to  be  the  spores  < 
the  oi^ninni,  though  as  yet  nii  mconte»tabIe  proof  0 
this  opinioi]  has  been  presentwl.  At  times  these  eolorlea 
portiona  are  seen  to  bulge  slightly  beyond  the  contoi 
of  the  rod,  and  in  this  way  give  to  the  rods  tlie  ben 
appearanee  so  eommouly  ascribed  to  them. 

Stain  iNu-PECiTLiARiTltx — A     peculiarity    of 
organism  is  its  Iwhavior  toward  ntaining-reitgents,  ant 
I»y  this  means  alone  it  may  be  easily  nHM^iized.     Tlw 
tubercle  baeillus  does  not  stain  by  the  ordinary  metbodsi^ 
It  possesses  some  jxKtuliarity  in  its  eoniposition  tliatJ 
renders  it  proof  ngainst  the  simjjler  staining  processeo.  J 
It  is  therefore  neeessary  that  more  energetic  and  ] 
truting  reajrentu  than   tlie    ordinary   water)'   BolutioDS] 
shouhl  be  employed.     Experience  has  tanght  lis  i 
certain  substances  not  only  increase  the  solubility  of  tl 
aniline  dyes,  hut  by  their  presence  the  penetration  ( 
the  colon ng-ag(M its  is  very  nincli  increased.     Two  ( 
these   arc   aniline   oil   and   carbolic   acid.      They  i 
employed  in  the  solutions  to  about  the  point  of  satnn 
tion.     (For  the  exact  proportions,  see  chapter  on  Slaio- 
ing-reageiits.) 

Mnder  the  influence  of  heat  theses  wolutionh  ar«  r. 
to  stain  all  bai'tcria  very  intensely — the  tnljercle  bacilli 
as  well  as  other  forms.  If  we  subject  our  pre|iBn 
tion,  which  may  contain  a  niixturc  of  tubert^le  1 
and  other  aitccien,  to  the  action  of  deeolori/Jng-agenta 
another  pef^uliarily  of  the  tulwrele  btu?illiis  will 
observed.  While  all  other  organisms  in  the  prc]iai 
tion  give  up  their  color  and  become  invisil>lc,  the 
lubcrole  bacillus  retains  it  with  markol  tenacity.  It 
stains  with  great  difliculty  ;  but  once  stained  it  retains 
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the  color  eveu  under  the  action  of  strong  decolorizing- 
agents. 

We  have  reviewed  the  thrtK3  common  pathogenic 
org-anisms  that  may  be  encountered  in  the  sputum  of 
tuberculous  individuals.  Occasionally  other  species  may 
be  present.  The  pyogenic  forms  are  not  rarely  found, 
and  for  some  time  after  an  attack  of  diphtheria  the 
bacilkis  of  Loffler  is  demonstrable  in  the  pharynx,  so 
that  it,  too,  may  be  present  under  exceptional  circum- 
stances. 

ORGANISMS    WITH   WHICH    BACILLUS    TUBERCULOSIS 

MAY    BE   CONFUSED. 

It  is  important  to  note  that  in  the  study  of  tubercu- 
losis one  may  fall  into  error  unless  it  be  borne  in  mind 
that  there  is  a  group  of  bacilli  whose  members  are  in 
many  respects  so  like  the  genuine  bacillus  tuberculosis 
as  easily  to  be  mistaken  for  it.  While  its  peculiar 
micro-chcmicjil  reaction  is  usually  sufficient  for  identifi- 
cation, particularly  in  connection  with  human  patho- 
logical lesions,  it  is  well  to  remember  that  tlie  confusing 
organisms  are  not  only  characterized  by  the  same  stain- 
ing peculiarities  as  bacillus  tuberculosis,  but  may  readily 
Ix*  mistaken  for  it  on  morphological  grounds  also. 
Furthermore,  while  not  all  the  members  of  this  group 
are  capable  of  causing  disease,  some  of  them  are  patho- 
genic for  the  same  animals  tliat  are  susceptible  to  true 
tubercular  infection  ;  and  these  may  produce  in  those 
animals  lesions  which  are  distinguishable  from  gonnine 
tubercles  only  by  their  finer  histological  structure.  A 
few  words  concerning  some  of  these  varieties,  with  a 
brief  sinumary  of  tluMr  more  important  peculiarities, 
may  not  be  out  of  place. 
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Balii.uts  Lki'R*:.— Betwttii   1879  and   1881   tliei 
was  (lesL-ribed  by  ilaiiscn  and  l>y  Nersser  an  urgunism 
a  bacillus,  that  was  constantly  to  be  found  in  the  nodul«d 
characteriKtic  of  le|m>sy.     For  this  oi^nism  the  nam 
bacilfus  kprts  was  euggested.     Tliough  very  like  bacilliu 
tnbcrciilosis  in  both  morphology  and  staining  propertici 
it  is,  however,  a  little  shorter,  thicker,  and  muc'..  lea 
homogcneontily  stained.     Its  presence  in  the  tissues  aiM 
secretions  is  demonstrated  by  the  same  method  as  thi 
employed  for  defei'tiug  bacillus  tuberculosis.     In  i 
tiiins  of  leprous  nodules,  stained  by  the  ordinary  Koc 
Ehrlich  process,  the  bacilli,  crowded  t<^ther  in  l 
large  so-tidled  "lepra  cells,"  are  always  to  be  seen  i 
great  abundance.     It  is  unlikely  that  bacillus  leprae  haa 
ever  been  cultivated  artificially,  and  the  disease  has  cer- 
tainly never  been  repnxluced  in  animals  by  iooculatioEL 
with  hits  of  the  diseased  tissue,  so  that  nothing  can  I 
Siiid  of  the  life-history  of  this  organism. 

Bacii.i.hs  Syi'HiLiDis. — 111  1884  Liistgarteo  ■ 
scribed  an  organism,  tiie  so-cjillcd  "bacillus  of  sj-phili^ 
that  he  had  <liscoverp<l  in  jiriniary  syphilitic  lesions  a 
in  the  secretions  fmm  syphilitic  ulcers.  In  i^tainiuj 
reactions,  but  niore  esjwciHlly  in  morphologj',  thlf 
organism  is  said  to  l»e  strikingly  like  Iwicillus  tuheni 
losis.  He  found  it  in  the  tissues  usually  within 
Itodies  of  lai^,  apparently  swollen  cclli.  He  found  i 
not  only  in  the  primary  sores  aliout  the  genitalia,  b 
in  the  syphilitic  lesions  of  the  remote  otpins  aw  welll 
As  thin  oi^nism  has  never  bwu  cultivated  artifteialljrJ 
as  the  disease  has  never  been  reproduced  in  animals  bjij' 
inoculation,  and  as  many  cuniiietent  oltscrvers,  working! 
upon  the  moat  |»roniising  material,  have  fiiilcd  to  detectff 
it,  the  prevailing  opinion  is  to  the  effect  that  the  oi^n- 
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ism  is  not  regularly  associated  with  syphilis  and  has 
nothing  to  do  with  its  causation. 

Bacillus  Smegmatih. — In  1885  Alvarez  and  Tavel 
discovered  in  the  fatty  secretions  about  the  genitalia  an 
organism  that  suggested  both  the  bacillus  of  syphilis 
and  that  of  tuberculosis.  It  was  found  Ixjth  in  syphi- 
litic and  in  healthy  persons.  Their  observation  has 
been  abundantly  confirmed  by  others,  and  the  organism 
to  which  they  directed  attention  is  now  regarded  as 
pretty  commonly  present  in  the  smegma.  It  is  known, 
therefore,  as  the  smegma  bacillus  (bacillus  smegmatis). 
In  this  secretion  it  is  found  in  clumps  located  upon  or 
within  epithelial  cells.  It  stains  by  the  method  used  in 
staining  bacillus  tuberculosis.  It  has  no  pathogenic 
power.  It  is  said  to  have  been  artificially  cultivated 
upon  coagulated  hydrocele  fluid  and  in  milk. 

It  is  not  unlikely  that  bacillus  smegmatis  and  bacillus 
syphilidis  are  very  closely  allied,  if  not  identical. 

In  addition  to  the  specnes  mentioned,  quite  a  group 
of  other  *'  acid-proof  bacilli,  as  they  are  called,  have 
been  described  by  different  investigators.  They  are 
characterized  by  staining  as  does  tlie  bacillus  tubercu- 
losis, by  retaining  the  stain  to  greater  or  less  extent 
when  treated  with  acids  and  alcohol,  and  by  being  in 
many  instances  strikingly  like  bacilhis  tuberculosis  in 
their  morphology.  The  members  of  this  group  seem  to 
be  distributed  pretty  widely  in  nature.  They  have  l)een 
detected  in  non-tu])erculous  sputum,  in  gangrene  of  the 
lung,  in  the  normal  intestinal  contents  of  man  and 
domestic  animals,  in  the  soil,  in  fodder — /.  r.,  grass, 
hay,  and  seed — in  manure,  and  in  butter.  They  are 
not  reffularlv  fi>mKl  under  any  of  these  conditions,  and 
they  are  rarely  prest^nt  in  very  large  numbers.     Inas- 
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ninoh  as  tliey  arc  nccuBonully  tuwiunteiwi  under  e 
stntiues  that  might  lead  one  to  louk  for  true  tuben 
hacilli,  and  since  tliey  ixtHsess  certain  peculiat 
tlirough  which  it  has  lieeu  the  custom  t«  identi^ 
liacillus  tuberciihisis — i.  e.,  retention  of  the  stain  wlie 
actwl  upon  by  acids  or  alcohol,  and  a  more  or  less  del 
rate,  beadi-*!  Ibrni — the  {KtHsi])ility  of  their  being  coB" 
founded  with  that  oi^nlsm  is  obvious.  In  eonscqiieiiCH 
they  have  r«*ived  a  great  deal  of  attention  during  tlift  I 
past  few  years. 

Space  does  not  permit  of  a  description  of  the  twen^y^ 
odd  species  (?)  that  Imve  been  describeti  by  tlifforcnt  i 
vestigators.     It  will  suffice  to  say,  fwHii  |»'rsoiiDl  studjrr 
of  the  group,  that  in  all  pi»bability  not  more  than  Ihre 
{■erhapti  only  two,  species  are  really  represented, 
that  the  remainder  may  fairly  he  regunled  as  variei 
As   said,  the  characteristic  common   to   all  the   menf'! 
hers  of  this  group  is  that  they  ai-e  to  greater  or  lefl».-1 
pxtent  acid-proof — /,  c,,  when  once  stained  by  the  Koohr  J 
Ehrlich  or  Ziebl  process  the  color  is  not  in  all  ■ 
rpnlo^■pd  by  the  ordinary  acid  decolorizers.     In  this  f 
ticular,  however,  there  is   considerable   variation, 
morphology  some  of  them  might  readily  be  mistak* 
for  bacillus  tuI>erciilosis,  though  even  tlu«e  an 
a  trifle  lai^r  and    lens  delicate  thiin   that  organismjl 
others  are  al  once  differentiated  from  normal  tiiberc 
bacilli,  but  have  somewhat  the  ap]«'aninco  of  baciUl 
tuberculosis  when  degenerated  or  involuted  ;  still  othe 
have  nothing  in  their  general  appearance  to  lead  to  cm 
fusion. 

When  mixed  with  other  bacteria,  as  is  the  case  in  tlw 
soil,  iu  manure,  in  intestinal  amtents,  etc.,  their  i 
tion  iu  pure  culture  is  a  matter  of  difficulty,  and  this  i 
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by  no  means  lt\^si»ueil  by  the  fact  that  under  these  cir- 
cumstances they  are  always  numerically  in  tlic  minority. 
When  present  in  butter,  their  isolation  ofters  fewer  diffi- 
culties, for  by  the  injection  of  the  butter  containing 
them  into  the  peritoneal  cavity  of  guinea-pigs  conditions 
are  created  that  favor  their  development,  and  from  ani- 
mals so  treated  they  may  usually  be  recovered  in  pure 
culture. 

When  studied  in  pure  culture,  all  of  them  are  at  once 
distinguished  from  bacillus  tuberculosis  by  the  follow- 
ing group  chara(?teristics :  they  are  of  relatively  rapid 
growth,  there  being  usually  an  abundant  development 
on  glycerin  agar-agar  after  twenty-four  to  forty-i*ight 
hours  at  body-temperature;  they  grow  well  but  l(*ss 
rapidly  at  ordinary  room-temperature — /.  c,  at  18°  to 
20°  C. ;  they  grow  well  in  litmus-milk,  and,  as  a  rule, 
produce  alkali  that  causes  the  color  to  l)ecome  a  d(»ep 
blue;  the  growth  on  agar-agar  is  dry,  shrivelled,  and 
wrinkled  in  appearance,  and  of  a  soft,  mealy  consistency 
in  some  casc\s  (Moller's  grass  bacillus  II.,  Rabinowitsch 
butter  bacillus,  for  instance),  while  in  others  it  is  more 
membranous,  as  in  the  c^se  of  Moller's  timothy  bacillus. 
We  have  never  seen  in  these  cultures  the  hard,  coarse 
granules  so  connnon  to  cultures  of  bacillus  tuberculosis ; 
on  glycerin  agar-agar  some  of  them,  namely,  the  timothy 
bacillus  of  Moller  and  its  varieties,  grow  with  a  distinct 
orange  color,  while  others,  the  grass  bacillus  II.  of 
Moller,  the  butter  bacillus  of  Rabinowitsch,  and  their 
closely  allied  varieties,  begin  as  a  grayish-white  <leposit 
which  may  ultimately  become  of  a  pale  or  even  distinct 
salmon  color. 

When  pure  cultures  of  thorn  are  injected  into  such 
animals  as  rabbits  or  guinea-pigs,  some  of  them  have  no 


I'ffect,  aud  others  catiao  Ifsions  of  more  or  U^s  imp 
liuice,  the  result  being  dependent  upon  the  <juiuitity 
ployed  aud  the  mode  of  iuoculatiun.  By  subcutan< 
■)r  intra]>erituneul  injoctiou  of  pure  oultnres  tlie 
usually  ne^tive.  Oci-usiouully  the  superfitrial  lym| 
^IuikU  iu  tlio  oeiglilMjrbuod  of  the  sitt;  of  iniKinlution 
irmy  l;e  inflamed  and  piirulent.  This  we  have  seen  only 
with  the  subcutaneous  inoculation.  If  pure  euUnns  l»e 
injected  into  the  jteritoneal  cavity  along  with 
sterile,  irritating  substanee,  such  an  sterilized  butter,  a 
widespn^  tibriuopuruleut  peritonitis  is  commonly 
result. 

When  injected!  directly  into  the  circulation  of  rabbil 
the  kidneys  are  almost  uniformly  affected,  and  iu  the 
majority  of  instances  they  are,  singularly  enougii,  the 
only  organs  in  which  lesions  are  to  be  detecteil.  If,  for 
instance,  a  cubic  centimetre  of  a  carefully  prepan-d 
HUspension  in  bouillon  of,  let  us  say,  Miiller's  gross 
bacillus  II.,  be  injected  into  the  circulation  of  a  mbbit, 
and  the  unituul  Ite  killed  aiier  twelve  to  fourt«i.>n  days, 
the  kidneys  will  l>e  fi>und  marked  by  gray  or  yellowish 
jKiinta  that  range  in  sbie  fmm  that  of  a  pin-jKiint  to 
that  of  a  pin-ltead.  They  are  sometimes  very  few  iu 
number,  but  in  other  cases  both  kidneys  may  Ih-  thickly 
studded  with  them.  Often  they  are  not  elevated  alw»ve 
the  cortex  of  the  oi^n,  but  in  as  many  cases  they  are 
sharply  defined,  yellow  in  color,  and  stand  up  ]>ixirai- 
nently  from  the  cortical  surface,  being  at  the  same  time 
HO  adherent  to  the  eupsnle  that  the  removal  of  the  latter 
Ufflfs  them  out  bixlily  fn.ni  IJie  substance  of  the  oi^m. 
In  the  very  early  stages  of  <levelopnient  these  nodules 
are  often  difficult  to  distiiifrnish  from  yonug  tulfcreles,  the 
reaction  of  the  tissm«  being,  as  in  the  case  of  luUrcles, 
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characterized  by  proliferation  of  the  fixed  cells  with 
little  evidence  of  leucocytic  invasion ;  later  on,  true 
giant-cell  formation  is  recorded  by  some  observers.  We 
have  not  seen  this.  Clumps  of  endothelial  nuclei  or  of 
lymplioid  cells  tliat  remotely  suggest  the  arrangement 
seen  in  giant  cells  are  often  encountered,  but  we  have 
not  regarded  them  as  true  giant  cells.  When  fully 
developed,  the  nodule  may  present  a  mixed  condition  of 
caseation  and  suppuration.  The  conditions,  as  a  whole, 
when  advanced  suggest  a  low  grade  of  inflannuatory 
reaction.  Occasionally  nodules  are  encountered,  espe- 
cially in  the  kidney,  that  cannot  be  distinguished  from 
tubercles.  The  bacilli  are  always  to  be  found  within 
the  nodules ;  most  frequently  as  single  rods  or  clumps 
of  rods,  occasionally  as  rosette-like  mycelia  very  sug- 
gestive of  the  characteristic  growth  of  the  actinomyces 
fungus  in  the  tissues.  This  mode  of  development  has 
also  been  observed  with  bacillus  tuberculosis. 

It  is  important  to  note  the  difference  between  the  re- 
sults of  intravenous  in<x;ulation  of  rabbits  with  bacillus 
tuberculosis  and  with  the  organisms  under  consideration. 
When  bacillus  tuberculosis  is  employed,  the  lungs,  as 
well  as  the  kidneys,  are  always  involved,  while  with  the 
grass  bacillus  II.,  the  timothy  bacillus,  and  the  butter 
bacillus,  involvement  of  the  lungs,  in  our  experiments, 
has  been  the  exception  rather  than  the  rule. 

Another  point  of  interest  is  the  lack  of  tendency  on 
the  part  of  the  non-tuberculous  process  to  progress  or 
become  disseminated. 

That  the  members  of  this  group  are  l)otanically 
related  to  bacillus  tuberculosis  there  seems  little  room 
to  doubt ;  but  from  personal  study  and  from  available 
evidence  from   other  sources  it  appears  unlikely  that 
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tlicy  art',  except  ex  peri  mentally,  concernt'd  in  disea 
pi-odiiction  i)r  that   tliey  are  of  importance   to  ( 
liiimsin  or  animal  pathology.' 

In  the  micromxipic  examination,  particularly  of  u 
of  secretions  from  about  the  anus,  recttnu,  and  genita 
and  of  butter,  it  la  ninuifcstly  of  importance  to  b 
mind  the  existence  of  this  confusing  group,  for  it  if 
sneli  socrvtionii  and  substances  that  they  are  most  o 
encountered.      The   amcginu   bacillus  ami   the    butt 
liaeillits  are  especially  liable  tu  lead  one  into  error  ( 
diagnosis.     This  is  less  apt  to  lie  the  case  with  the  e 
IHirativcly    nirc    leprsi    Ixicillus    and    the    questional 
syphilis  bacillus. 

Differential  Diagsiwis, — According  to  1 
the  differential  diagnosis  l>etween  b.  tuberculosis,  b.  »; 
ilidis,  b.  smegniatis,  and  b,  lepra?,  depends  uimn  tl 
lowing  reactions:  when  etaiucd   by  the  tarbol-f 
method  commonly  emploved  in  staining  the  tubero 
baeilUis  the  s\-philis  bacillus  l)ecomes  almost  in»tan^ 
dccdiorizcil  by  treatment  with  mineral  acids,  particuk 
sulphuric  acid,  whenias  the  smegma  bacillus  resists  » 
treatment  for  a  nnich  longer  time,  and  the  lepra  a 
tubercle  liacillus  for  a  still  longer  time.     On  the  o 
hand,  if  dccolorization  is  practised  with  ak^liol,  inete 
of  acids,  the  smegma  baciilunisthe  firat  to  lose  its  e 
The  bacillus  tuberculosis  and  the  bacillus  of  le| 
conspicuously  retentive  of  their  color  even  after  t 
ment  with  both  acids  and  alcohol.     To   diftV 
then,  between  the  four  organisms  lie  recommends  t 
following  order  of  procedure,  based  on  the  ah' 
tions : 

I  Fit  thfl  lil^mtun.  ..ii  ■'m.-W-pr.mf "  biwilli,  «oc  Cowic, 
Eiiwritnonba  Mediciue,  1900,  vol.  v.  p.  iJOS. 
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1.  Treat  the  preparation,  stained  with  carbol-fuchsin, 
with  dilute  sulphuric  acid ;  the  syphilis  bacillus  becomes 
decolorized,  the  reaction  being  almost  instiintaneous. 

2.  If  it  is  not  at  once  decolorized,  treat  with  alcohol ; 
if  it  is  the  smegma  bacillus,  this  will  rob  it  of  its  color. 

3.  If  it  is  still  not  decolorized,  it  is  either  the  lepra 
or  tubercle  bacillus. 

Grethe  recommends  ^  the  following  as  a  trustworthy 
means  of  distinguishing  between  the  tubercle  bacillus  and 
the  smegma  bacillus  :  stain  in  hot  carbol-fuchsin  solution, 
wash  in  water,  and  treat  the  preparation  with  a  saturated 
solution  of  methylene-blue  in  alcohol.  If  the  question- 
able organism  is  the  tubercle  bacillus,  it  retains  its  red 
color ;  if  the  smegma  bacillus,  the  red  color  is  dissolved 
by  the  alcohol  and  the  blue  color  is  substituted  for  it. 

The  differential  diagnosis  between  the  tubercle  bacil- 
lus and  the  lepra  bacillus  is  less  satisfactory ;  they  l)oth 
take  the  same  stains,  and  both  retain  them  or  give 
them  up  under  treatment  with  the  same  decolorizers. 
The  results  of  investigations,  however,  indicate  differ- 
ences in  the  rate  of  staining  and  decolorization,  and  it  is 
stated  by  many  of  those  who  have  compared  the  two 
organisms  that  the  lepra  bacillus  takes  up  stain  very 
much  more  readily  than  does  the  tubercle  bacillus, 
often  staining  perfectly  after  an  exposure  of  only  a  few 
minutes  to  cold  watery  solutions  of  the  dyes ;  but  when 
once  stained  it  retains  its  color  much  more  tenaciously 
when  acted  upon  by  decolorizing-agents  than  does  the 
latter  organism. 

According  to  Baumgarten,  the  lepra  bacillus  is  stained 
by  an  exposure  of  six  to  seven  minutes  to  a  cold,  satu- 
rated watery  solution  of  fuehsin,  and  retains  the  stain 

1  Fortschritte  der  Medicin,  1S96,  No.  9. 
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hIimi  siilistNiiii'iitly  treated  witli  atiid  alcolioi  (nitric 
acid,  1  [wrl ;  akiiliut,  lU  j>art*^).  By  liiinilar  treatment 
fur  tlie  same  JL-ngtli  uf  tiiut  baaiUua  tuAernUosis  does 
imt  ordinarily  IxHsome  stained. 

Tliosc  jH>tiite<,  particularly  wliat  has  been  said  with  rcf- 
prcnrr  to  the  snit^gma  Ijacillus,  are  of  nuich  practical 
ini|i<irtatic<Mitid  .shuiihl  ulways  he  itonte  in  mind  in  ctm- 
ni'i'liiiti  wiiii  ihi)  niicrus(H>pic  exuniinatiuu  of  niatertaU 
In  which  llicwo  ui^nii^ma  an.^  likely  to  gain  acoess.  It 
i«  luinlly  nccfssary  to  eay  that  in  tlie  examination  of 
igiiitinii  imd  {mthological  fiaida  from  uiher  parts  of  the 
limiy  the  tHbi>rcle  hacillus  is,  of  the  uipmisms  noted, 
tilwriVN  the  one  moat  commonly  enconntered,  wliile  the 
ortnmiHni  described  hy  Lti»tgarten  as  tlic  bacillus  of 
MypliiliH  is  HiH'ii  sii  rai-ely  that  many  trnstworthy  investi- 
(([iliirM  ipicHtion  its  uxislence  as  ft  species  distinct  from 
thii  oi'riitmry  smegma  bacillus. 

Khini  time  to  time  fowls  arc  known  to  suffer  fro 
(I  litrm  iif  tiiheronlosis  that  in  u  number  of  ways  e 
tSi-nUt  liiiniftn  ur  mammalian  tuberculosis.  The  badllni 
uMiinini;  the  dlmcase,  tlie  sooalleil  bacillus  of  fowl  tabt 
iinliini'i,  liiwUiajt  lubrrcHlvn'iH  avium,  while  simulating  tj 
^itiniillc  lini'Uliui  tubercttf'Hfig  mo rpl lo logically ,  <Iifl 
t'riim  !l  hiilli  in  cultural  and  {Mithogenic  peculiaritin 
'I'luiM.  Ixr  instance,  it  develops  into  much  lunger  i 
lUimiiwliut  thinner  tliniuls;  gmws  rapidly  on  met 
witlioiit  glycerin  or  glucose ;  docs  not  grow  on  potatoj 
di!Vtilop>  ON  well  at  from  42°  to  4.'JT.  as  at  37°  to  3' 
(.'.;'  llM  virulence  is  not  diniinii^hed  by  cultivation  I 
4<1"  i\  [  dcvehipmcut  on  artificial  media  begins  iii  fro 
hIx  to  el|;lil  iliiVM  alh-r  inoculation ;  young  cultures  ( 
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solid  raedia  are  whitish,  soft,  and  moist,  becoming  yel- 
lowish and  slimy  with  age ;  it  is  somewhat  more  resist- 
ant to  drying  and  high  temperatures  than  the  bacillus 
of  mammalian  tuberculosis;  the  results  of  its  patho- 
genic activities  are  almost  always  chronic,  are  rarely 
located  in  the  lungs  or  intestines,  but  arc  especially  fre- 
quent in  the  liver  and  spleen ;  the  lesions  are  conspic- 
uously rich  in  bacilli,  do  not  show  the  central  necrotic 
area  that  characterizes  the  mammalian  tubercle ;  the 
disease  is  transmissible  from  the  hen  to  the  embryo 
chick ;  the  only  susceptible  mammal  is  the  ral)bit ;  the 
guinea-pig  and  dog  are  naturally  immune ;  it  has  the 
same  micro-chemical  staining-reactions  as  mammalian 
bacillus  tuberculosis;  it  has  never  been  certainly  de- 
tected in  human  tuberculosis. 

Some  are  inclined  to  regard  this  organism  as  but  a 
variety  of  the  genuine  bacillus  tuberculosis,  and  it  is  not 
unreasonable  to  believe  that  the  sojourn  of  that  organ- 
ism in  the  body  of  a  refractory  animal,  whose  normal 
temperature  is  so  high  as  that  of  the  fowl,  when  not  fatal 
to  the  organism,  might  result  in  striking  modifications 
of  certain  of  its  biological  functions.  In  fact,  Nocard  * 
has  shown  that  if  the  genuine  bacilhm  tuberculosis  from 
man  be  left  in  the  peritoneal  cavity  of  chickens  (by  the 
collodion-sac  method  of  MetschnikofT,  Roux,  and  Sal- 
lembini,  which  see)  for  from  five  to  eighth  months,  they 
will,  by  the  end  of  this  time,  have  become  so  modified 
in  their  biological  peculiarities  as  to  simulate  very 
closely  the  bacillus  of  fowl  tuberculosis. 

Theobald  Smith  ^  has  called  attention  to  certain  very 

»  Nocard  :  AnniiUis  do  I'Institut  Pastour,  1898,  p.  561. 
*  Smith  :  Transactions  of  the  Association  of  American   Physicians, 
1896,  vol.  xi.  p.  75. 
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orfns|)icuous  differences  that  may  bo  olwerved  betwee 
tl)('  biicilli  obtained  from  Iiiiman  and  Umse  from  bovine 
tiilwntiiloHis ;  and  in  a  scries  of  inoculation  experiments 
Uavpnel  has  shown  that  for  a  lui^e  number  of  S[)e<;ie8 
tnijorele  liaeilU  of  bovine  origin  were  constantly  ra<n 
virulent  than  those  from  human  sources. 

Anatomical  lesions  very  sug^stive  of,  tliough  n(M_ 
identical  with,  those  produced  by  bacillus  tiibereufomx, 
have  also  from  time  to  time  been  observed  in  mice,  rats, 
(fuint'it-pi^,  mbbitH,  cats,  goats,  bovines,  hogs,  ai]d  man. 
Tht^y  dii  not  appear  to  ix'  of  a  specific  nature  as  regan: 
etiology,  for  the  reason  that  different  authors  hav^ 
<IiS(crilx^  diffenMit  ot^nisms  as  the  causative  agents 
Thcj^e  affct^tions  are  usually  classed  under  the  nams^ 
pHuudotubercnlosis. 

SrscEiTiBii^rry  op  Asimai-s  to  Tuberculosis.—  ! 
The  animals  that  are  known  to  be  susceptible  to  tubep- 
cnlasifl  arc  nmii,  apes,  cattle,  horses,  sheep,  guinea-pig^fl 
pigeons,   rabbits,   eats,   and   field-mice.      Whit«  miet 
di^,  and  rata  possess  imnmnity  from  the  ( 


TuBEHcri-iN. — The  filtered  products  of  growth  f 
old  fluid  cultures  of  the  tubercle  bacillus  represent  wlM 
is  known  as  tuberculiii — a  group  of  proteid  substanol 
jKtssessing  most  interesting  properties.  When  injecte 
mibcutaneously  into  healthy  subjects  tuberculin  has  D 
effect ;  but  when  introiluced  into  the  Ijody  of  a  tnbeDij 
enlous  p<^>rs<)n  or  animal  u  pronounco<l  systemic  reaotici 
resiiltH,  consisting  of  sudden  but  teniimniry  elevation  a 
temperature,  with,  at  the  same  time,  the  occurrenoi^ 
of  marked  hypertemia  aUiUt  the  tul>erculous  foeiu 
a  chiinge  histol epical ly  analt^tis  to  that  seen  i 
primary  8tiigi>R  uf  acute  inflammation.     This  Kone  e 
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hyperaemia,  with  the  coincident  exudntion  and  infiltra- 
tion of  cellular  elements,  probably  aids  in  the  isolation 
or  casting  off  of  the  tuberculous  nodule,  the  inflamma- 
tory zone  forming,  so  to  speak,  a  line  of  demarcation 
between  the  diseased  and  healthy  tissue. 

As  a  curative  agent  for  the  treatment  of  tuberculosis, 
tuberculin  has  not  merited  the  confidence  that  was  at 
first  accorded  to  it.  Its  field  of  usefulness  is  now 
almost  limited  to  the  diagnosis  of  obscure  cases,  and 
even  for  this  purpose  it  is  less  frequently  employed 
than  formerly. 

In  veterinary  medicine  it  has  proved  much  more 
trustworthy  as  a  diagnostic  aid,  and  is  practically 
everywhere  in  use  for  the  ^tcction  of  incipient  tuber- 
culosis, especially  in  cattle. 


PATHOGENIC  STREPTOTHRICES. 


The  term  streptothrix  is  restricted  to  a  g,roup  of 
organisms  having  morphological  affinities  with  the  bac- 
teria on  the  one  hand  and  the  hyphomycetes,  on  the 
other.  They  resemble  the  bacteria  in  that  they  occur 
as  homogeneous  threads  which  under  artificial  cultiva- 
tion may  become  segmented  into  short  bacillus-  or 
coccus-like  fnigments.  Furthermore,  they  are  unlike 
the  moulds  in  that  they  have  not  a  double  wall ;  are  not 
filled  with  fluid  containing  granules,  and  the  segments 
are  not  separated  from  one  another  by  a  distinct  parti- 
tion. They  simulate  the  moulds  in  that  they  develop 
from  spores  into  dichotomously  branching  threads, 
which  ultimatelv  form  colonies  havintj  more  or  less 
resemblance  to  true  mycelia.  Certain  of  the  threads 
composing  such  a  mycelium  become  fruit  hyplue,  break- 
ing up  into  round,  glistening,  s|>ore-like  l)odies.     As  a 
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rule,  rliose  sporrs  :iro  lidvoic]  uf  tlip  liijjli  rfsisiaiK-e  tt^j 
heal  t'xliiljitt^i!  by  biulGrial  8|Kires,  iind  are  staiuable  t 
the  onlinury  mfthud-s. 

TIiii  limits  of  tliis  gntiip  are  ill  defined  and  its  recog^ 
nizcd  ctimpmieiits  are  not  as  a  whole  well  understood. 

The  longest  known  and  moat  carefully  studied  etre 
tothrices  are  s.  actinomyces,  s.  niadnree,  s.  furcinic 
and  s.  Kppingeri,  although  many  other  varieties  liavi 
lM!en  encountered  in  association  with  important  aQ<l  ia- 
terostiug  pathological  letiious. 

The  fact  that  certain  bacteria,  viz.,  h,  tnberculosiajjl 
b.  mallei,  b.  diphthcrise,  genendly  reganlwl  as  baciUi^fl 
arc,  as  a  rule,  segmented  and  occasionally  show  a 
deney  to  branch,  has  led  t4)  their  being  classified  at  time! 
witli  the  streptotlirices ;  on  this  point,  however,  there  id 
as  yet  no  consensus  of  opinion. 

It  is  interesting  to  note  that  the  patholc^ical  lesioni 
in  which  strcptoth rices  have  been  delected  show  id4 
many  cases  certain  similarities  to  true  tubereular  proc- 
esses, and  in  a  few  iiisfcinces,  save  for  the  abi^ence  of 
tuljcrcle  Ixicilli,  as  we  iisiially  see  them,  were  indistin- 
guishable from  tulwrculosis. 

More  or  less  imperfectly  studied  varieties  of  strept 
thrices  have  l)een  encountered  in  abscess  of  the  bra 
cerebrospinal  meningitis,  endocarditis,  bronchopneai 
monia,  pleuropneumonia,  pustular  exanthemata,  abf 
oi"  the  lung,  bronehiectasis,  pulmonary  gangrene,  necrc 
of  the  vcrtebnc,  subphrenic  abscess,  noma,  pseudotuber^ 
culosis,  etc. 

In  Kome  cases  the  streptothris  can  be  obtained  ial 
culture  fmm  the  discaseil  tissues ;  alma'it  as  often  it  I 
cannot.  Sometimes  the  iiKK'ulation  of  animals  with  bita  I 
of  the  diseased  tiwsue  or  with  cnltun^P  results  in  the  pro-  J 


PATHOOEMC  STREPTOTHRICES.  361 

duction  of  pathological  lesions  refijrahlc  to  the  organism ; 
again,  no  effect  follows  upon  sueli  inoculation.  As  seen 
in  the  tissues  by  microscopic  examination,  strcptothrices 
may  appear  as  living,  convoluted,  irregularly  staining, 
beaded,  branching  threads,  or  as  clumps  of  short, 
markedly  beaded,  sometimes  branched  rods.  At  times 
a  clump  of  the  short  or  longer  threads  is  encountercKl 
in  the  tissues  that  gives  the  distinct  impression  of 
mycelial  structure. 

Some  of  the  varieties  that  have  been  described  are 
best  demonstrated  in  the  tissues  or  exudates  bv  the 
Gram  or  Gram-Weigert  method  of  staining ;  others  are 
decolorized  by  this  process,  and  are  rendered  visible 
only  by  the  simpler  pmcedures.  Some  of  them  are  to 
a  limited  extent  proof  against  the  action  of  acid  decolor- 
izers.  Though  many  accounts  of  the  presence  of  these 
morphological  types  in  a  variety  of  conditions  have 
been  recorded,  the  descriptions  in  the  main  are  meagre 
and  often  insufficient  for  identification.  A  few,  how- 
ever, have  been  found  so  constantly  in  association  with 
more  or  less  definite  clinical  and  pathological  conditions 
that  a  brief  description  of  them  may  be  of  service. 

Sfreptotiirix  ACTixo\fYC'ES  (also  commonly  known 
as  actinomyces  bovis,  actinomyces  fungus,  ray  fungus) 
was  first  observed  by  von  Langenbeck  in  a  case  of 
vertebral  caries  in  1845.  According  to  Bollinger,  the 
fungus  had  been  seen  by  Halin  a  number  of  years  before 
in  museum  specimens,  but  had  been  regarded  by  him 
as  a  penicillium.  The  name  actinomyces  or  ray  fungus 
originated  with  ITarz.  It  is  constantly  to  be  detected  in 
the  tissues  and  exudates  of  the  disease  of  cattle  known 
as  actinomycosis,  "  lumpy  jaw,''  "  wocxlen  tongue,"  etc. 
The  typical  tumor  of  this  disease  is  characterized  by 
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infjiimmutuin,  ptis  fommtlon,  excessive  new  formationj 
of  connective   tissue,  ahscei^seg,  cavities,   and   sinuse 
Viewed  as  a  whole,  the  tumor  presents  points  of  n 
hliiiH%  to  the  osleo-sarconmtous,  the  scrofulous  or  C 
culous,  and  the  cancerous  processes.     The  disease 
sionidly  occurs  in  man,  and  aceoniing  to  the  point  of 
eiitniDce  of  the  parasite  may  arise  in  the  mouth,  tlie 
pharynx,  the  lungs,  the  inteatines,  or  the  skin.     lu  a 
mnlw  the  disease  is  characterized  hv  an  excessive  nei 
formation  of  connective  tissue,  so  that  tumefaction  i 
always  a  conspicuous  peculiarity.     In  umn,  on  the  otha 
liuiid,  suppuration  is  tlio  mn^^t  prnmincnt  feature. 

If   the    purulent   dischaifre   fnim    an   actinomycotiej 
tumor  be  examined  fresh,  it  will  be  found  to  contaiol 
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liny  vfllnw  f»iilphiir  color  as  a  rule)  clumps.  If  thee 
III!  itxniidni<d,  uimlained,  in  a  drop  of  physiological  i 
vohltinu  or  Wlllur  under  the  mierowNipe,  they  will  befoi 
III  III'  Hindi'  u|i  of  n  nwette-like  muss  of  closely  inter- 1 
uiivi'ii  lliiviiilx,  (Kef-  Kiy.  66.)  At  the  centn-  the  mam  1 
uuk^v  ahon  lliii  jinwuce  of  npherical,  coccuM-tikc  bodies 
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or  granules,  while  at  the  periphery  the  free  ends  of  the 
threads  are  more  or  less  distinctly  bulbous  or  nodular, 
or  both,  and  they  may  show  branching.  Sometimes  the 
free  ends  of  the  threads  are  only  slightly  or  not  at  all 
swollen. 

These  mycelia — the  actinomyces — may  be  stained  by 
the  ordinary  aniline  dyes,  or  by  the  Weigcrt  or  thp 
Gram  method,  though  by  either  of  these  procedures  its 
full  structure  is  not,  as  a  rule,  brought  out.  The  reason 
for  this  is  that  the  terminal  bulbs  are  not  due  to  enlarge- 
ment of  the  thread  itself,  but  rather  to  a  colloid  degen- 
eration of  its  enveloping  sheath.  This  colloid  matter, 
having  different  microchemical  reactions  from  the 
enclosed  thread,  requires  different  reagents  to  stain  it. 
The  entire  structure  may  be  seen  when  the  fungus  is 
stained  first  by  the  Gram  method,  and  subsequently  with 
eosin  or  saffranin.  For  the  demonstration  of  the  fungus 
in  sections,  the  methwl  of  Mallory  gives  satisfaction. 
It  is  as  follows :  Stain  the  section  on  the  side  with 
gentian-violet ;  clear  and  dehydnite  with  aniline  oil  in 
which  a  little  basic  fuchsin  has  been  dissolved  ;  remove 
the  aniline  oil-fuchsin  with  xvlol,  and  mount  in  xvlol 
balsam.  In  sections  treated  in  this  way  the  coccus-like 
central  masses  and  the  filamentous  threads  making  up 
the  mass  of  the  mycelium  are  stained  blue ;  the  club- 
like extremities  of  the  thread  are  red.  Often  the  red- 
stained  hyaline  material  is  seen  to  be  penetrated  to  its 
extremity  by  a  sharply  defined  blue  thread. 

Cultivation  of  the  fungus  from  the  actinomycotic  pus 
presents  difficulties  for  the  following  reasons :  All  the 
mycelia  seen  by  microscopic  examination  are  not  living; 
as  a  rule,  they  grow  slowly  even  under  the  best  of  cir- 
cumstances ;  and  generally  there  are  many  other,  more 
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rapitlly  cnm'ing,  Jiviiif^  or^inisms  in  tlie  piifl.     Wtien  | 
pure  ciillurcs  jirc  obtained,  it  grows  (nccoirling  to  iiiis- 
tmni)  itn  itil  the  oi-dinary  artificial  nieilia.     It  devclojw  1 
at  nxun-teinperature,  but  better  at  tlmt  of"  llie  boily. 

It  grows  both  with  and  without  oxygen. 

Tlie  young  w>lonies  appear  as  grayish  points  coni- 
IMiscd  of  a  fdt-work  of  tine  threads.  As  the  colonies  J 
become  older  they  become  denser  and  more  opaqne.  ] 
Vcrj"  okl  colonics  are  almost  leatliery  in  consistrncy.  J 
On  blood-serum  the  growtli  after  a  time  assumes  ft"! 
salmon,  an  orange,  or  a  yellowish-red  color.  Growth  I 
on  gelatin  is  aceompanifnl  by  slow  Hqni'faction. 

A  yellowish-red  growth,  limited  in  extent,  occure  on  J 
potato.     It  causes  no  clouding  of  bouillon,  but  growH  a 
cottony  clumps  that  sink  to  the  bottom. 

The    bulbous   extremities  seen   ujwn    the    mycelial'  { 
threads  fresh  from  the  pus  arc  not  usually  seen  under  " 
coiiditiona  of  artificial  cnltivation.     They  are  sometimes  ' 
obwrved  in  colonies  localwl  in  the  depths  of  solid  media. 
The  wJiife,  powderj'  coating  seen  on  old  eolonies  repre- 
sents the  so-failed  ■'  spores."     They  are  not,  however, 
resistJint  to  heat,  lieing  d^troycd,  according  to  Domeo,  J 
by  75°  C.  in  five  minutes. 

Bovines   are  the   animals   most   frequently  affectec 
The  disease  has  been  seen  in  swine,  dogs,  and  horses. 

The  most  common  seat  of  the  disease  is  the  jaw,  atidf 
this,  together  with  the  fiict  that  particles  of  fodder,  siicbf  I 
as  hits  of  pniin,  cliafi',  sIriw.  and  barley  beard,  have! 
Ijeeii  iletrt-H-d  in  the  diseiis«I  tiusnes  in  jissctciation  with  ( 
the  causative  fungus,  has  k^l  to  the  Iwlief  that  the  pur-  I 
astte  gains  ae««H  to  the  tissues  with  such  fo«xI-«tilffs.  It  | 
has  not,  however,  l)ern  rooognizcii  outside  the  animal  body. 
The  diseofle  is  apparently  uut  tmnaniiseible  from  animal 
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to  animal  or  from  animal  to  man.  Inocnlation  of  ani- 
mals with  pure  cultnres  is  usually  neg:itive,  although 
nodular  formations  have  followed  the  injtrtion  of  large 
quantities  into  the  peritoneal  cjivity  of  rabbits.  In 
Bostrom's  cases  the  nodules  prescMittKl  only  a  few  of  the 
club-shai>ed  extremities  of  the  threads,  an<l  there  was 
no  evidence  of  multiplication  of  the  fungus ;  while  in 
the  experiments  of  Israel  and  \\'olf  it  is  said  there 
developed,  in  from  four  to  seven  weeks  after  intraperi- 
toneal inoculation,  larger  and  smaller  tumors  in  which 
typical  mycelia  were  present,  and  from  which  the  fungus 
was  obtained  in  pure  eulture. 

Streptothrix  Madur.e. — This  organism  is  sup- 
posed to  be  concerned  in  the  causation  of  mycetoma  or 
Madura  foot.  Two  vari(»ties  of  mycetoma  are  known, 
viz.,  the  pale  or  ochroid  and  the  black  or  melaiioid. 
Save  for  its  occurrence  in  the  f(K)t,  mycetoma  is,  patho- 
logically speaking,  almost  a  counterpart  of  actinomycosis ; 
and  the  suspicion  of  their  identity  is  by  no  means  less- 
ened by  the  fact  that  the  streptothrix  constantly  asso- 
ciated with  the  0(!hroid  variety  is  to  all  intents  and 
purposes  identical  with  streptothrix  a('tinorny(x\s.  It 
differs  from  that  organism  only  in  su(Ji  minor  details  as 
to  leave  little  (loui)t  that  they  are  very  closely  related, 
if  not  identical,  so  that  a  description  of  the  one  serves 
equally  to  aid  in  the  identification  of  the  other. 

The  investigations  of  \\^right,^  conducted  ui>on  a  case 
encountered  in  Boston,  point  to  anoth(»r  type  of  parasite 
as  the  causative  factor  in  the  black  mycetoma.  Instead 
of  a  streptothrix,  Wright  found  a  true  mould.  lie  ex- 
presses the  opinion  that  the  pale  mycetoma  is,  etiolog- 

*  Wripbt:  "A  Case  of  Mycetoma  (Mwlura  Foot),"  Journal  of  ExjMjri- 
mental  Mediciue,  1898,  vol.  iii.  p.  421. 
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ically,  aetiuomyeiwis,  ami  that  tlie  lilai^k  is  a  liyphnmy-  I 
cetic  infection. 

Tlic  fiiiigLDi  etxxiuutEtred  and  isolaU^d  in  pure  cullureJ 
by  Wright  presented  the  following  characttristies :  As-* 
ubtaiued  fi-um  the  affectisl  lissuiw,  tlie  myculia  under  tbe  I 
microscope  apptar  as  black  or  brown  inuU)crry-like  J 
musses  less  than  out:  millimetre  in  diameter.  Tliey  ii 
hard,  ratlier  brittle,  uud  difficult  to  bruik  up  under  th«  1 
cover-glass.  On  soaking  tliem  iu  a  strong  sulutiun  of  I 
sodium  hydroxide  they  become  softened  and  the  strucfr-l 
lire  of  the  fungus-mas.s  can  be  made  out.  Under  high  f 
magnifying  power  these  masses  are  found  to  consist  of  | 
pigment-granules,  ovoid  translucent  bodies,  and  dii*-  i 
tinetly  branehing  sejiaratc  hypii»!.  Sometime!*  these  I 
latter  exhibit  dilatations  or  varicusities  of  their  mt^  J 
ments.  The  jwriphery  of  a  granule  shows  the  pPea-  j 
ence  of  club-Bhupcd  hyphte,  closely  set  and  radially  , 
arranged.  From  such  gninules  growth  on  artificial 
cultnre-raMlia  may  be  obtained.  When  transferred 
direct  from  the  tissues  to  artificial  media,  f^iwth  in  , 
evepi-  tiase  starts  from  the  gi-.inule  al»i)ut  four  or  five 
days  after  it  is  plaee<i  upon  the  en  I  tn  re-media. 

On  solid  media  it  first  apjiears  as  delicate  tufts  of 
whitish  filaments.     These  in  the  course  of  a  few  days 
increase  in  number  and  length,  and,  in  the  case  of  the  J 
potato,  fnnn  a  dense  whitish  or  pale-brown   felt-work  I 
having  a  tendency  to  spread  widely. 

In  pure  cultivation  it  is  seen  as  long,  bnmchiug  hyphte 
with  delicate  transverse  septa.     In  old  forms  the  hyphn 
may  be  swollen  at  the  points  marke<l  by  the  septa,  and  ] 
may  then  apjtear  as  strings  of  plump  oval  segments.  I 
The  filaments  have  a  definite  wall   inclosing  grauulea  I 
and  pale  areas.     No  spure-beariug  organs  are  seet 
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On  potato^  it  grows  as  a  dense,  widely  spreading,  vel- 
vety membrane ;  pale  brown  at  the  eejitre  and  white  at 
tlie  periphery.  The  {lotato  takes  on  a  dark-bn)wn  color 
and  becomes  very  moist  and  dark ;  coffet^-colored  gran- 
ules appear  upon  the  surface  of  the  growth. 

In  bouillon  the  growth  assumes  a  puft-ball  appear- 
ance. The  medium  assumes  a  deep  coflee-hrown  «>lor, 
and  ultimately  a  mycelium  growth  ap|)ears  ujK)n  the 
surface  and  throughout  tlie  fluid. 

When  grown  in  potato  infusion  (20  grammes  of  ]X)tato 
boiled  in  water,  filtered  and  made  up  to  a  litn*),  the 
gro^vth  is  characterized  by  the  appearancH^  of  bhick 
granules  in  the  midst  of  the  mycelium.  The  black 
granules  consist  of  closely  pjickeil  sphericjd  or  iM)lylK»- 
dral  cells,  together  with  some  short,  thick  segment chI 
hyphfe.  The  walls  of  these  cells  have  a  black  appear- 
ance, and  masses  of  them  are  black  and  opaque  under 
the  microscope. 

On  agar-agar,  growth  appears  as  a  grayish  mesh-work 
of  widely  spreading  filaments.  In  old  cultures  black 
granules  (sclerotia)  appear  among  the  filaments.  No 
growth  occurs  in  the  depth  of  the  medium. 

No  results  were  obtained  bv  the  inoculation  of  ani- 
mals  M'ith  either  the  material  direct  from  the  tissues  or 
with  pure  cultures. 

The  tissue  from  which  this  fungus  was  obtained  con- 
sisted, briefly,  of  a  more  or  less  atypical  connective- 
tissue  Dcw-growth,  with  nunien)us  arcjis  of  suppuration 
marked  by  the  black  granules  just  described. 

On  histological  study  of  the  tumor  the  primary  effect 
produced  by  the  parasite  a])[Knirs  to  l)e  the  development 
of  nodules  of  epithelial  cells  and  of  giant  cells  fmm  the 
tissues    immediately    about   them.     I^ater,  suppuration 
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of  ihe  nodiilen  and  alxwrntt  t'omtatioD  occur.  This  i 
time  gives  rise  tn  excessive  cievelopnieiit  of  gninulatio4 
aixl  coiiiMx^livc  li.stjiio. 

HTRKPTOTHmx  Faiuinica  (Imirilk-  du  farcin 
bociiffft  (Nocani) ;  o6H[Mira  fiircinica;  actinoniyces  bovi 
faroinicuB). — This  organism  was  disTOvered  hy  No< 
(1888)  ill  a  dimaae  of  cattle  that  is  suggestive  of  ikrc 
iiH  liiien  ill  lioraew.  The  lewions  eonsiat  of  chains  of  e 
lurgitl  snlKMiUini^iufi  lymph-^latidK,  which  on  examiiu 
tioii  nil-  found  to  be  in  a  condition  stirocwUut  simulating 
tiilH-rctiloKiH.  Similar  nodules  are  sometimes  encoui 
tomd  in  tl]<^  internal  oi^ns. 

By  niiciitscopic  examination  the  orgnnism  is  seen  ( 
long,  liriineliing  threiids  consisting  of  eliort  M'gmeuts. 

I(  is  lion- motile.  yi>ore-forniation  is  questionabUf 
Nin'unl  tmviiig  seen  it,  wliilo  Ijehman  and  Nenmai 
liiive  nol.  The  oi^nism  may  be  stained  by  the  ordi- 
nary methods,  and  also  by  the  Uram-Weigert  process. 
It  grows  on  !ill  the  onlinary  culture-media,  and  at  both 
room-  and  body-tempeniture,  especially  well  at  tba. 
Illtter.     It  is  aerobic. 

CoIonicB  in  ngai'-agar  reach  a  size  of  from  1  to  2tam.y 
am  yclhiwiwh  white  in  color,  irregular  in  outline,  a 
have  till"  ii|)|M'iinuicc  of  ii  glazed,  menihranous  mass. 

On  iti'latin,  the  growth  is  much  slower,  so  that  s 

ItMi  duvs  the  colonies  apiK-ar  as  tiny  Irani^lucent  roai 

ttlUKmiiig   points.     Under   low   power  of  the   mien 
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Nilonicfl  arc  sliiirply  i- 
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nscribed,  gray  is! 

without    chiinicteristial 


i*  i;nviii»h 

(StuttOi  in  iMiuilloii  is  chanu'tcn/.etl  by  ii  tough,  slim^ 
iHbMl.  wvA  at  tinuw  by  morr-  or  less  of  pellicle-for 
^^    IVBb  til  tlirinnTJ'"  if*  ciicour.igL'd  by  the  additim 
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of  glycerin.  The  bouillou  is  not  uniformly  clouded  by 
the  growth. 

In  milk^  it  causes  an  alkaline  reaction,  solution  of 
casein,  but  no  coagulation. 

On  potato,  it  grows  slowly  as  a  dull  yellowish-white 
dry  membrane. 

Bovines,  sheep,  and  guinea-pigs  are  susc^eptible  to  in- 
oculation ;  rabbits,  dogs,  axis,  horses,  and  asses  are  not. 

When  pure  cultures  are  injected  into  cither  the  circu- 
lation or  the  peritoneal  cavity  of  guinea-pigs,  death  en- 
sues in  from  nine  to  twenty  days.  The  autopsy  reveals 
diffuse  pseudotuberculosis  of  the  omentum.  Within 
the  pseudotulHjrcles  the  organism  is  seen  as  long, 
branching  threads,  often  matted  together  as  a  true 
mycelium. 

By  subcutaneous  inoculation  only  the  neighboring 
lymph-glands  are  affected. 

The  disease  farcin  des  l>oeufs  is  said  to  be  more  com- 
mon in  Guadeloupe  than  elsewhere. 

&rREPTOTiiRix  Eppingeri. — This  organism  was  dis- 
covered by  Ej)pingcr  in  an  abscess  of  the  brain.  He 
Horded  it  as  a  cladothrix,  and  gave  to  it  the  designa- 
tion cladothrix  asteroides.  It  grows  well  in  pure  cult- 
ure under  artificial  conditions,  and  is  pathogenic  for 
animals.  In  the  case  studied  by  Eppinger  the  organ- 
ism was  present  not  only  in  the  abscess,  but  also  in  the 
meninges  of  the  brain  and  cord  and  in  the  bronchial 
and  supraclavicular  lymph-glands.  There  is  no  doubt 
of  lis  causal  relation  to  the  conditions. 

In  pure  culture  it  grows  well  on  ordinary  media.  It 
appears  as  long,  branching  threads,  many  of  which  are 
composed  of  short  quadratic  segments.  Spores  are  not 
formed.     Motility  is  doubtful ;  it  has  been  observed  by 
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E]i|)iiigtT,  wliiie  Ix'hnian  and  Neuniami  failed  to  detect 
it.  It  stains  both  by  the  ordiuary  dyes  and  by  the 
method  of  Gnim.  It  grows  scarcely,  if  at  all,  uiider 
anaerobic  conditions.  It  grows  at  rooni-teraperatiire, 
but  much  better  at  tlie  tcmi>cniture  of  the  body.  The 
licst  growth  is  observed  on  iiiitrietil  afjar^igar  containing 
2  per  cent,  of  ghicose.  The  eolouies  on  tJie  surface  of 
glucose  agar-agar  appear  as  yello wish-white,  round, 
finely  granular,  dull  patches  that  are  surrounded  by  a 
narrow  paler  7,i)ne.  In  the  depths  of  the  nie<lium  they 
do  not  develop  beyond  very  small  points. 

On  gelatin  the  growth  is  very  alow ;  there  is  no 
liijuefaction,  and  after  a  time  the  colonies  take  on  an 
orango-re<i  color. 

Bouillon  is  not  uoiformly  clouded.  Growth  takes 
place  on  the  snrfac-e  in  the  form  of  a  whitish  pellicle, 
in  which  dense  white  ma»scH  may  be  seen.  These 
latter  increase  iu  size,  become  detached,  and  fall  to 
ihc  iKtttom  of  the  vessel,  to  collect  as  mycelium-like 
sediment. 

On   iMitnto,  growth  begins  as  a  coarsely  granulated 
wliit4>  layer,  which  becomes  gradually  red  in  color. 
19  ultinmlcly  covered  by  a  fine,  hair-like  growth. 

iVilh  rabbits  and  guinea-pips  are  susceptible  to 
|»atlM))p'nio  action.     When  injet^ted  intii  either  the  ciroii< 
teitw,  ll>e  ]M>ritoneal  cavity,  or  beneath  the  skin, 
4e*ivtop  in  from  one  to  four  weeks  a  condition  cload; 
^amJUing     tuberculosis    ("pscudotul)erculosi8     olai' 
Am»'*\    The  oiyiHiisni  quickly  loses  its  path* 
»  whW  artificial  cultivation. 

I*s?:ri"m'nKnruui6A.  —  In  1897.1 
I  this  oi^niiii'^m  ill  a  cfiiiH>Iidate<I  and: 
The  i^tndition  suggest<.-d   luberculosia* 
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The  lesion  coiu:i.**ted  maiolv  of  an  infUinimati»rv  exutlii- 
tion  that  had  unclei^ne  itiijeation,  Imt  in  aiMitiun  tlien* 
were  present  i:^lated  ncjdules  that  in  MZf  an<l  gi-nenil 
appearance  were  difficult  to  distingui-^^li  fn>in  miliary 
tubercles.  Giant  celk  were  not  seen.  The  >in'ptoihrix 
was  abundant  in  the  lung,  ap])earing  a>  massc-s  of  cini- 
voluted,  branching  threads.  Tlie  cr>ntours  of  the  nxls 
were  not  quite  uniform,  the  staining  wa-  irreguhir,  and 
occasionally  a  thread  wa.s  .seen  that,  towanl  its  extrem- 
ity, appeared  to  \ye  breaking  up  into  .short  segments. 
No  coccus-like  fonns  were  seen.  It  is  .staini»d  best  bv 
the  Weigert  method,  when  deeply  staineil  ma.<ses  sejKi- 
rated  from  one  another  l)y  more  or  less  clear  spaces  are 
to  be  detected.  The  organism  was  not  ol)tained  in 
culture,  and  no  effwt  was  produced  on  guinea-pigs 
by  subcutaneous  inoculation  with  bits  of  tlic  disca.sc^l 
lung.^ 

THE   BACILLUS  OF   INFLUE^'ZA. 

An  important  historic  epidemic  disease,  on  the  nature 
of  which  much  light  has  been  shed  through  modern 
methods  of  investigation,  is  influenza.  Quoting  Ilirsch, 
the  first  trustworthy  literary  records  that  we  have  of 
this  disease  date  from  the  early  part  of  the  twelfth 
century. 

Between  1173  and  1874  it  made  its  epidemic  or  pan- 
demic appearance  on  eighty-six  diftorent  occasions.  Its 
first  appearance  in  this  country  was  in  Massiichnsctts  in 

*  For  the  liti'raturo  on  piilhoKoiiic  stn^ptolh rices,  wo  Floxncr: 
Journal  of  ExiH'riiiientJil  Mt'diciiu',  IsDS,  vol.  iii.  i».  t.T);  for  u  huiii- 
mary  of  cases  in  whicli  Htrept^jtliriees  have  been  ftniiul,  see  Miisser, 
Pearco,  and  Gwyu :  TninsjietioiiM  <)f  the  Association  of  American 
Physicians,  11)01,  vol.  xvi.  p.  -^^UH. 
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1627;  siut*  tliat  lime  tlierc  liavc  Iweii  tweiily-tvvo  via 
itations  ol'  infliiciiza  to  tlic  United  States.     The 
ileniie  of  1889-90,  tlie  most  severe  for  a  long  tim 
appears  to  have  originated  in  Central  Asia  and  to  Iia'rt 
spread  [>rotty  niueli  over  the  entin^  civilized  world.   ' 
advent  of  influenza  in  a  oomninnity  is  always  i 
able  for  its  astoninliing  rat*'  of  transmission  from  j 
son  to  person  and  its  dissemination  over  wide  areas. 

During  the  recent  pandemic  investigations  havixj 
for  tlicir  ul)ject  t!ie  discovery  of  its  oaoHP  were  inat 
luted,  witii  lie  ri'siilt  of  domitii.«lrjling  in  the  catarrba] 
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BuL'illus  of  inlliit^iiu  in  aputum. 

«vn<l1iiliN  fVoni  tile  air-paiiBageH  a  raicro-organiam  t 
U  iiliiiliii'd  t4i  ntund  in  eaiisul  relation  to  tnRui 

'I'liU  iirviininm,  hacil/m  injtueiiztt;  as  it  is  called, 
diwovt'ltnl,  Imdnted,  cidtivatml,  and  deacrilKTl    by  ] 
VMttW. 

H  U  u  S'ory  finall,  elender,  oon-wpore-forming,  nun? 
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motile,  aerobic  bacillus,  occurring  singly  and  in  pairs, 
joined  end  to  end.  It  stains  with  watery  solutions  of 
the  onlinary  basic  aniline  dyes ;  somewhat  better  with 
alkaline  methvlene-blue,  but  best  when  treated  for  five 
minutes  with  a  dilution  of  Ziehl's  carbol-fuchsin  in 
water  (the  color  of  the  solution  should  be  pale  red). 
(Fig.  66.)     It  is  decolorized  by  the  methwl  of  Gram. 

It  develops  only  at  t^mjxiratures  ranging  from  26° 
to  43°  C.  Its  optimum  temi>erature  for  growth  is 
37°  C.  It  possesses  the  peculiarity  of  developing  upon 
only  those  artificial  culture-media  to  which  blood  or 
blood-coloring-matter  has  been  added.  Its  cultivation 
is  best  conducted  and  its  development  most  satisfac- 
torily observed  by  the  following  procedure :  over  the 
surface  of  a  slanted  agar  tube  or  over  agar-agar  solid- 
ified in  a  Petri  dish  smear  a  small  quantity  of  sterile 
blood  (not  bl(H)d-serum).  A  bit  of  the  mucus  from  the 
sputum  of  the  influenza  patient  is  then  taken  up  with 
sterilized  forceps  or  on  a  sterilized  wire  loop,  rinsed 
in  sterile  bouillon  or  water  and  rubbed  over  the  sur- 
face of  the  prepared  agar-agar.  The  plate  or  tube  is 
then  placed  in  the  incubator  at  37°  to  38°  C.  If  in- 
fluenza bacilli  be  present,  they  will  develop  as  minute, 
transparent,  watery  colonies  that  are  w^ithout  structure, 
and  which  rt^semble  somewliat  minute  drops  of  dew. 
They  are  discrete  and  show  little  or  no  tendency  to 
coalesce. 

If  a  small  bit  of  nuuais  be  ru])bc(l  over  the  surface 
of  ordinary  nutrient  agar-agar,  no  such  colonies  de- 
velop. In  making  the  diagnosis  by  this  nicthml  cult- 
ures on  both  agar-agar  containing  blood  (not  ])lood- 
serum)  and  ajr.ir-agar  containing  no  blood  sliould  always 
be  made,  for  the  reason  that  growth  of  these  peculiar 
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colonies  in  llie  formiT  and  no  sudi  {^wlli  in  rlic  lattc 
art'  ('vuk'nce  that  one  la  (Icaling  with  matcriiils  frum  | 
case  of  influenza. 

The  orgnuigni  niny  also  be  cultivated  in  bouillon  i 
which  blotHi  hoA  been  a<liled,  If  kept  at  IxKly-h-mpen 
tare.  The  growth  appears  as  whItiHb  flakes.  Since  t' " 
orgiuiisni  is  a  striet  aerol>e,  its  eultivation  can  only  h 
conducted  on  the  eiirface  of  the  medium  used— 
where  it  lias  freest  access  to  oxygen.  It  is  therefoBJ 
inadvisable  to  prejiare  plates  in  the  usual  way.  WTiel 
jta  cultivation  is  attempted  in  bouillon  it  is 
mended,  in  order  to  favor  the  free  diffusion  of  oxyg 
that  the  ilepth  nf  tluiil  be  very  shallot 

<\)ntriiry  to  ivhat  might  be  siipposcfl,  the  Imcillus  o 
influenza  has  very  little  tenacity  of  liie  outride  of  t 
discjised  hotly.     It  is  destroyed  in  from  two  to  thre 
hours  by  rapid  dr)ing,  and  in  from  eight  to  twi 
four  hours  when  dried  more  slowly.     Cultures  i 
their  vitality  for  from  two  to  tlirec  weeks.     The  o^ 
isni  dies  in  water  in  a  Uttle  over  a  day.     As  a  result  rfl 
thi-sc  observationw,  Pfeiffcr  does  not  believe  the  diseaMj 
tit  1k'  disseminated  by  either  the  air  or  the  water,  1 
latlier  by  direct  infection  from  the  catarrhal  secretioi 
sif  tlie  patients. 

This  oreiuiism    lias  not  been  found  outside  of  i 
^— ^.|,  body.     In  the  influenza  patient  it  is  present  if 
d«  e«t»rrhal  seci-etions,  bronchial  nuieons  membra 
^  Ok  dwwiswl  hing-tispnes.     It  may  be  domonstrate 
.ij^eceprtUy  in   the   mucus   by  cover-slip  prepi 
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and  as  scattered  cells.  (See  Fig.  66.)  They  are  also 
found  within  the  bodies  of  leucocytes,  esj>ecially  in  the 
later  stages  of  the  disease  when  convalescence  has  set 
in;  at  this  time  they  appear  as  very  small,  irregular, 
evidently  degenerated  bacilli  within  white  blixxl- 
corpuscles.  They  are  also  present  in  the  nasal  secre- 
tions. 

At  autopsies  it  is  advisable  to  cut  out  pieces  of 
the  diseased  tissue  about  the  size  of  a  pea  or  a  bean, 
break  them  up  in  a  small  quantity  of  sterile  water  or 
bouillon,  and  make  the  cultures  from  this  infusion. 
By  this  procedure  two  advantages  are  gained :  first, 
a  dilution  of  the  number  of  bacteria  'present;  and, 
secondly,  the  tissue  furnishes  the  amount  of  luemo- 
globin  necessary  for  the  growth  of  the  organism. 
Under  these  circumstances  it  is,  of  course,  not  neces- 
sary to  make  a  further  addition  of  blood  to  the  culture- 
medium. 

The  only  animal  that  has  been  found  susceptible 
to  inoculation  with  this  organism  is  the  monkey.  By 
intratracheal  injection  Pfeiffer  succeeded  in  causing  a 
toxic  condition  that  proved  fatal.  He  does  not  reganl 
the  death  of  the  animals  as  due  to  infection,  but  rather 
to  intoxication.  The  disease,  as  seen  in  man,  has  not 
been  reproduced  in  animals. 


CHAPTER  XIX. 

Olandore — Charftcteriatira  of  the  iliscnse — Hinlolngical  striicture  of  tho  J 
glimdere  iioilule— SuscepUbility  of  difforunt  aniniaU  tn  glBniJers — M 
The  bucilliis  of  glaudun;  its  murphatogiMl  ntul  cultnrnl  pocullaii-fl 
Uvs — Diagnosis  iif  glaudora. 

Synonyms  :  Rotz  (Grer.),  Morve  (Fr.). 

The  disease  is  generally  known  as  glanders  when  the  J 

mucous  membrane  of  the  nostrils  is  affected,  and  as  farcy  J 

when  the  siibcutaiieoiis  lymphatics  aie  the  principal  sites! 

of  i  u  vol  vein  en  t, 

Though  most  commonly  seen  in  the  horse  and  a 
glanders  is  not  rarely  met  with  in  other  unimals,  and  is  I 
Ofloasionally  encountered  in  man.  When  oocurrii^ 
Bpontaneoiisly  iu  the  horse  its  primary  seat  is  usuaU;fl 
upon  tlie  mucous  membrane  of  the  nostrils.  It  appeanil 
in  tJie  form  of  small  gray  nodules,  about  which  thai 
nipnibnine  is  c'ongested  and  swollen.  These  nodaleB'l 
ultimiiU'lv  coiilesce  to  form  ulcers.  There  is  a  profbae  1 
dlimv  discharge  from  the  nostrils  during  the  course  of  the  I 
itiwi'wc.  The  primary  lesion  may  extend  from  its  seat  in  J 
thi>  nose  to  tiie  month,  larynx,  trachea,  and  ultimately  1 
h^  H»  lunipt.  Its  secondary  manifestations  are  observed..! 
^McUie  Ivmphatics  that  conmiunicato  with  the  initial  I 
bw.-  m  the  Ivmplwtic  glands,  and  as  metastatic  foai  j 
b  ^  wWiwl  oi^siiiB.  I-^ss  frequently  the  disease  ii 
^^to>WM  in  t'l''  ■*'''"'  IK"'''f"l'"''y  '1  the  region  of  1 
^  .^^  ~^  t>Mwt.  When  in  this  l.wality  the  sub- I 
aliw  boetiine  involved,  and  arc  con-  I 
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verted  into  indurated,  knotty  cords — "fercy-buds" — 
easily  discernible  from  without. 

In  man  it  usually  occurs  in  individuals  who  have 
been  in  attendance  upon  animals  affected  with  the  dis- 
ease. It  may  occur  upon  the  mucous  membrane  of  the 
nares ;  but  its  most  frequent  expressions  are  in  the  skin 
and  muscles,  where  appear  abscesses,  phlegmons,  ery- 
sipelas-like inflammations,  and  local  necrosis  closely 
resembling  carbuncles.  Metastases  to  the  lungs,  kid- 
neys, and  testicles,  as  in  the  horse,  may  also  be  seen. 

When  occurring  upon  the  mucous  membrane  glan- 
ders IS  characterized  by  the  presence  of  gray  nod- 
ules, about  as  large  as  a  pin-head,  that  closely  re- 
semble miliary  tubercles  in  their  naked-eye  appearance. 
These  consist  histologically  of  granulation-tissue — i,  c, 
of  small  round  cells,  very  similar  to  proliferating 
leucocytes — of  some  lymph-cells,  and,  in  the  earliest 
stages,  of  a  small  portion  of  necrotic  tissue.  As  they 
grow  older,  and  the  process  advances,  there  is  a 
tendency  to  central  necrosis,  with  the  ultimate  for- 
mation of  a  soft,  yellow,  creamy,  pus-like  material. 
Though  strikiugly  like  miliary  tubercles  in  certain 
respects  in  the  early  stages,  they  present,  nevertheless, 
decided  points  of  difference  when  examined  more  in 
detail. 

The  round-cell  infiltration  of  the  glanders  nodule  con- 
sists essentially  of  polymorphonuclear  leuecxTtes,  while 
that  of  the  miliary  tiilxTcle  parUikes  more  of  the  nature 
of  a  lymphocytic  infiltration ;  in  the  later  stages  of  the 
process  the  glanders  nodule  breaks  down  into  a  soft, 
creamy  matter,  very  analogous  to  ordinary  pus,  while 
in  the  later  stages  of  the  miliary  tubercle  the  tendency 
is  to  an  amalgamation  of  its  histological  constituents, 
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anil  iilliniiitL'ly  to  iiccTosia  with  caseatum.  The  giunb-J 
cril  f'ornmtioii  common  to  tuberculosis  is  never  f 
the  glaiiiU'rs  ikkIuIc.  As  Baitiugartcn  aptly  puts  it; 
"The  patholi^cal  manir(.'atation8  of  ghindcrs,  from  tlu 
liistological  usjKct,  etanil  midway  between  the 
puruft!7U  and  tlio  t^hrmnc  inttauimatory  processes.'"'' 
Kvidently  those  differences  are  only  to  be  cxplutnedl 
by  (lifterentws  in  the  nature  of  the  causes  that  nndcrlteV 
the  several  afl'ectioiiB.  We  have  studied  tlie  eliaracterrJ 
istieH  of  baetUiue  lubercu!o«U ;  we  sliall  now  take  up  the'1 
bauilhin  of  glanders  and  nolo  the  striking  ditferencefll 
between  them. 

TIIK   HAi;iI,L,C8  OP  OLANDEE8  (BACILLUS  MALLEI). 

Ill  1882  Loffleraud  Schfitu  discovered  in  the  disease( 
tissues  of  animals  suffering  from  glanders  a  bacillus  tlia^  J 
when  iwilatcd  in  pure  culture  and  inoculatal  into  bob-M 
ceptible  animals,  jtossesses  the  property  of  reproducing,  I 
the  disease  with  all  ita  clinical  and  pathological  ma 
fentfttions.     It  is  therefore  the  cause  of  the  disease. 

This  organism  is  a  rod,  with  rounded  or  slightly  T 
poiniu«l  ends.  It  usually  status  somewhat  irregularly. 
(See  Fig,  67.)  When  examined  in  stained  prepara- 
tions its  continuity  is  marked  by  alt^^mating  darkly 
and  lightly  stained  areas.  It  is  usually  seen  as  i 
single  hmI,  but  may  occur  in  jwirs,  and  less  frequently  i 
in  longer  filaments. 

The  ([ucstion  an  to  its  sjKire-forming  property  is  still  I 
an  open  one,  though  the  weight  of  evideuco  is  in  oppo-  J 

'  For  >  fiirthoT  dlnnnMntan  iit  the  italhuloKy  and  pkUiogencais  of  t) 
dlacwM,  ■»■  Iiuhrhuch  dvt  puthnlnalBrhi'ii  MykaloKic,  hy  ItniiinKiiileii,   1 

1800.     SM-,nlM).WrlBhl:  "  The- ItUtoloKfnil  l^-sinns  of  Acnto  UUndui*    j 
{ii  M*n,"  Jiiiirnul  uf  Eilwrinii<riMI  Mpdii'lni;,  ral.  i.  p.  5TT. 
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sition  to  the  opinion  that  it  possesses  tliis  peculiarity. 
Certain  observers  claim  to  have  demonstnited  sjwres  in 
the  bacilli  by  particular  methods  of  staining;  but  this 
statement  can  have  but  little  weight  when  compared 
with  the  behavior  of  the  orgsmism  when  subjected  to 
more  conclusive  tests.  For  exaniph',  it  does  not,  at 
any  stage  of  development,  resist  exjwsure  to  'I  par  cent. 
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Bacillus  of  glanders  ^^MdXLv*  fnaUei)^  ft'om  culture. 

carbolic  acid  solution  for  longer  than  five  minutes,  nor 
to  1 :  5000  sublimate  solution  for  more  than  two  min- 
utes. It  is  destroyed  in  ten  minutes  in  some  experi- 
ments, and  in  five  in  others,  by  a  temperature  of  55°  C. ; 
and  when  dried  it  loses  its  vitality,  according  to  dif- 
ferent observers,  in  from  thirty  to  forty  days;  all  of 
which  speak  directly  against  tliis  being  a  siwre-bearing 
bacillus. 

It    is  not   motile,   and    does   not   therefore    possess 
flagella. 
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It  grows  readily  on  oitlinary  nutrient  niudia  at  fninl  J 
25°  t^)  38°  C. 

Upon  niitrieDt  agar-agar,  Imtli  with  and  withuiitf 
glycerin,  it  appears  as  a  iHoit^l,  opaque,  glazed  layer,  f 
with  nothing  chanict«nstic  about  it.  This  te  tnie  both] 
for  Btnear-cultiires  and  for  single  colonies. 

It»  growth  on  gelatin  is  niucli  less  voluminous  than  j 
nn  media  that  can  be  kept  at  liigher  ttiniperature,  though  1 
it  does  grow  on  this  media  at  room-temperature  without  f 
ng  liquefaction. 

Its  growth  on  blood-serum  is  in  the  form  of  a  ■ 
moist,  o|>aque,  slimy  layer,  inclining  to  a  yellowish  or  i 
dirty,  brownish-yellow  tinge.  It  does  not  liquefy  the  j 
serum. 

On  potato  its  growth  is  moderately  rapid,  appearii^l 
in  from  twenty-four  to  thirty-aix  hours  at  37°  C.  as  &■■ 
moist,  amber-yellow,  transparent  deport  having  some-.l 
what  the  appearance  of  honey ;  this  becomes  deeper  I 
in  color  and  denser  in  consistence  as  gniwth  pn^resse%  i 
and  finally  takes  un  a  reddish-brown  c<ilor ;  at  thi 
time  the  jKttato  about  it  beconicH  darkened. 

In  Imuilton  it  causes  diffuse  clouding,  with  ultimately  I 
the  formation  of  a  more  or  less  tenacious  or  ropy  scdi-- 
ment. 

In  milk  to  which  a  little  litmus  has  been  added  it  4 
causes  the  blue  color  to  become  red  or  reddish  in  from  i 
four  to  five  days,  and  quite  red  after  two  weeks  at  37°  O. ,  ( 
At  the  same  time  the  milk  sc{>arates  into  clear  whejf  J 
and  a  firm  clot  of  casein. 

Its  reaetiiins  to  heat  arc  very  interesting.     At  42"  &j| 

oft^-n  grtiw  for  twenty  days  or  more.     It  n 

not  grow  at  43°  C.  and  if  exposed  to  this  temperatuM 

for  forty-eight  bours  it  is  destroyed.    It  is  killed  in  fi^ 
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hours  when  exposed  to  50°  C,  and  in  five  minutes  by 

It  grows  both  with  and  without  oxygen ;  it  is  there- 
fore fdculiative  as  regards  ifcs  rehition  to  this  gas. 

On  cover-slips  it  stains  readily  witli  all  the  basic 
aniline  dyes,  and,  as  a  rule,  as  stated,  presents  conspic- 
uous irregularities  in  the  way  that  it  tiikes  up  the  dyes, 
being  usually  marked  l)y  deeply  staiued  areas  that  alter- 
nate with  points  at  which  it  either  docs  not  stain  at  all 
or  only  slightly. 

The  animals  susceptible  to  infection  by  this  organism 
are  horses,  asses,  field-mice,  guinea-pigs,  and  cats. 
Baumgarten  records  cases  of  infection  in  lions  and 
tigers  that  were  fed,  in  menageries,  with  flesh  from 
horses  aifected  with  the  disease.  Rabbits  are  but 
slightly  susceptible ;  dogs  and  sheep  still  less  so.  Man 
is  susceptible,  and  infection  not  rarely  terminates  fatally. 
White  mice,  common  gray  house-mice,  rats,  cattle,  and 
hogs  are  insusceptible. 

Inoculation  Experiments. — The  most  favorable 
animal  upon  which  to  study  the  pathogenic  i)roperties 
of  this  organism  in  the  la])oratory  is  the  common  field- 
mouse.  When  inoculated  subcutaneouslv  with  a  small 
portion  of  a  pure  culture  of  the  glanders  bac'illus  death 
ensues  in  about  seventy-two  hours.  The  most  conspicu- 
ous tissue-changes  will  be  enlargement  of  the  spleen, 
which  is  at  the  same  time,  almost  constantly,  studded 
with  minute  gray  nodules,  the  typical  glanders  nodule. 
They  are  mr(?ly  present  in  the  lungs,  but  may  frequently 
be  seen  in  the  liver.  From  these  nodules  the  glanders 
bacillus  may  be  obtained  in  pure  culture.  With  the 
exception  of  the  characteristic  nodules,  the  disease  as 
seen  in  this  animal  presents  none  of  the  features  tliat 
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it  dii^plays  in  the  liot^  and  ass.    The  clinicul  and  juitlh 
ological   nianitirHtations    resulting  from  iutHiiilatiou  i 
guiu(»-]iigB  are  much  moru  tuithful  reproductions.    Thi 
animal  livwt  usually  from  six  to  eight  wpeks  after  iiiocu-J 
lalion,  and  during  tliLs  time  becomes  affected  with  agroupB 
of  moHt  iiiU^rcsting  and  ])eculinr  pathological  process 
The   specific   tnHiimmator}-   con<liti»n   of   the   mucotu 
membntno  of  the  nostrils  is  almost  always  present.    Thffl 
joints  become  swollen  and  iniiltnited  to  such  an  extenj 
as  ofU^tn  U)  iiiU'rfi-re  with  the  nse  of  the  legs.     In  n 
unimnlB  tiie  tcsticloH  become  enonnously  distended  v 
pim,  and  on  closer  examination  a  true  orchitis  and  epi 
didyniitis  arc  seen  to  be  present.     Tlie  internal  organ^« 
Ijarticutarly  the  lungs,  kidneys,  spleen,  and  liver,  ; 
usually  the  seat  of  the  nodular  formations  cliaracteristio^ 
of  tlio  disease.     From   all   of   these   disease-foci 
ItaoilluH  causing  them  can  be  isolated  in  pure  culture. 

Staining  in  Tissues. — Though  always   present  ia! 
tlm   diseased   tissues,   cousiderable   trouble    ia   usually  ' 
(•Kiit'rit'nced  in  demonstrating  the  bacteria  by  staining 
iDetliodn,   The  difficulty  is  due  to  the  fact  tliat  the  bacilli 
Wv  very  easily  decolorized,  and  in  tissues  stained  bjr 
\\\v<  iilillnnry  processes  are  robbed  of  their  color  cvem] 
l\V  lh«»  Hhiihtil  with  which  the  tissue  is  rinsed  am!  de-J 
Kytlntlt^ti     If  wo  will  remember  not  to  employ  oonr><J 
WW^Mhtl  ntHllI",  iinil  not  to  expose  the  sections  to  tl 
•^^Wi   |W  Kw   long  f>  time,  but   little  treatment  witb-'J 
Jk)wW^Uv^lt*'»*'<  '"  iiWBSary,  and  very  satisfactory  T 
|MiMAMtk**M  ^vtll  be  obtained.     A  unml>er  of  metliods  ] 
(U.^.    h-u...   .>i.:,'iwii'il  for   stiiining  the  glanders  bacillij 
(w  nti:it   IciH  been  said  will  be  lx>nie 

j,^,,  S>iidd  be  exi>eriencetl. 

\>,    ,..-..^l.n■*^  uMiliwIrt  that  we  have  used  for  this  I 
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purpose,  though  perhaps  no  better  than  some  of  the 
others,  are  as  follows : 

a.  Transfer  the  sections  from  alcohol  to  distilled 
water.  This  lessens  the  intensity  with  which  the  stain 
subsequently  takes  hold  of  the  tissues,  by  diminish- 
ing the  activity  of  the  diffusion  that  would  occur  if 
they  were  placed  from  alcohol  into  watery  solutions  of 
the  dyes.  Transfer  from  distilled  water  to  the  slide, 
absorb  all  water  with  blotting-paper,  and  stain  with 
two  or  three  drops  of 

Garbol-fuchsin 10  cc 

DistiHed  water 100  cc 

for  thirty  minutes;  absorb  all  superfluous  stain  with 
blotting-paper,  and  wash  the  section  three  times  with 
0.3  per  cent,  acetic  acid,  not  allowing  the  acid  to  act 
for  more  than  ten  seconds  each  time.  Remove  all 
acid  from  the  section  by  carefully  washing  in  distilled 
water ;  absorb  all  water  by  gentle  pressure  with  blot- 
ting-paper ;  and  finally,  at  very  modei'cUe  heat,  or  with 
a  small  bellows  (Kuhne),  dry  the  section  completely  on 
the  slide.  When  dried  clear  in  xylol  and  mount  in 
xylol  balsam. 

6.  Transfer  the  sections  fix)m  alcohol  to  distilled 
water ;  from  water  to  the  dilute  fuchsin  solution,  and 
gently  warm  (about  50°  C.)  for  fifteen  to  twenty 
minutes.  Transfer  sections  from  the  stainingnsolution 
to  the  slide,  absorb  all  superfluous  stain  with  blotting- 
paper,  and  then  treat  them  with  1  per  cent,  acetic  acid 
from  one-half  to  three-ijuartxTs  of  a  minute.  Remove 
all  trace  of  acid  witli  distilled  wat(T,  absorl)  all  water  by 
gentle  jm'ssure  witli  blotting-j)ap('r,  and  then  treat  the 
sections  with  absolute  aU^oliol  by  allowing  it  to  flow 


384 


JiACTERlOLOOY. 


ovlt  tlu'in  ilntp  \>y  drop.  For  small  swtionB  three 
four  di-ops  urt'  Miiflicicnt.  Under  no  circiimetaucefl  1 
should  thL-  iik'ohol  be  alluwiKl  Lo  act  fur  more  than  1 
unc-qiiiirter  ni'  a  minute.  Clear  in  xylol  and  mouiit  J 
iu  xylol  balsam. 

Uy  method  b  the  ti&SLicB  are  better  pR'strved  than  by  I 
method  a,  by  wliich  they  are  dried. 

Very  goixl  prcjw rations  are  also  obtained  by  the  use  I 
of  Loffler's  alkulinc  nicthylcne-blue,  if  cans  be  takea  I 
not  t^i  ntain  for  too  long  a  tune  nor  to  decolorize  too  | 
energetically  with  alcoliol. 

No  method  of  eontra.st-i^tain  ibr  t1ii»  organism  ial 
tissues  has  been  devised. 

In  properly  stained  tissues  the  bacilli  will  be  found 
most  nimieroiis  In  the  centre  of  the  nodules,  becoming 
fewer  as  we  approach  the  periphery.     They  usually  lie 
between  tlie  r«Ils,  but  at  times  may  be  seen  almost  m 
tilling  some  of  the  epithelial  cells,  of  which  the  nodule  I 
contains  more  or   less.     They  are   always   present   iol 
these  nodules   in  the  tisanes;   they  are  mrcly  present  I 
in  the  blood,  and,  if  so,  in  only  small  numbers. 

DlAUNlWrs    OP   THE    D18EA8E    BY  THE    METHOD   ( 

ST]tAL'S8. — From  what  has  Iwen  said,  the  diagnosis  t^m 
ghinders  by  routine  l>acteriological  methods  is  cert 
and  relatively  easy,  but  requires  time.     In  clinical  * 
it  is  of  great  importsinee  fi>r  the  diagnosis  to  be  ( 
lished  as  quickly  its  |>ossible.    With  this  in  view  Stniu 
devised  a  method  that  has  given  entirely  satisfuct« 
results.     It  consist*  in  introdueiuj;  into  the  i>eritoneii 
rjivity  of  a  mitk  guinea-pig  a  bit  of  the  suspected  tisa 
or  culture.     If  it  be  from  a  genuine  ease  of  glanden 
the  testicles  Iwgin  to  swell  in  altout  thirty  hours,  o 
ae  this  proceeds  the  skin  over  tliem  becomes  red  audi 
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shining,  desquamation  occurs,  evidences  of  pus-forma- 
tion are  seen,  and,  indeed,  the  abscess  (purulent  orchitis) 
often  breaks  through  the  skin.  The  diagnostic  sign  is 
the  tumefaction  of  the  testicles. 

Mallein. — The  filtered  products  of  growth  of  the 
glanders  bacillus  in  fluid  media  represent  what  is  known 
as  mallein — ^a  solution  of  compounds  that  bear  to 
glanders  a  relation  analogous  to  that  which  tuberculin 
bejxrs  to  tuberculosis.  It  is  used  witli  considerable  suc- 
cess as  a  diagnostic  aid  in  detecting  the  existence  or 
absence  of  deep-seated  manifestations  of  the  disease,  the 
glanderous  animal  reacting,  manifested  by  elevations  of 
body-tempeniture  greater  than  1.5°  C,  to  subcutaneous 
injections  of  mallein  in  fn)m  four  to  ten  hours,  while  an 
animal  not  so  affected  gives  no  such  reactions. 

Mallein  is  prepared  from  old  glycerin-bouillon  cult- 
ures of  the  glanders  bacillus  by  steaming  them  for 
several  hours  in  the  sterilizer,  after  which  they  are 
filtered  through  unglazed  porcelain. 

By  some  it  is  said  that  the  repeated  injection  of  mallein 
in  small  doses  confers  immunity  from  infection  by 
bacillus  mallei  upon  animals  so  treated  ;  an  opinion  that 
is  entirely  in  accord  with  the  principles  underlying  the 
artificial  induction  of  immunity  in  general. 
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CHAPTER  XX. 

Batilbu  diphiherim—lta  iaoUlluo  and  I'uKivation— MoTpbologieal  w 
cultural  iiecnlinriliffl — FBlbogenia  properties— Var 
lonce— Psoudo-diplitheria  bacilli. 

From  tlie  gray-white  deposit  on  the  fauces  of  a  diphx 
theritic  patient  prepare  a  series  of  cultures  in  the  fd^^ 
lowing  way : 

Have  at  hand  five  or  six  tubes  of  Loffler's  blood- 
serum  mixture.  (See  chuitter  on  Media.)  Pass  a  stoat 
platinum  needle,  which  has  been  sterilised,  into  the 
nicmbmne  and  twist  it  around  ont*  or  twice,  or  brush 
it  gently  over  the  surface  of  the  menibmne.  Withot 
t<iu(?hing  it  agaiuHt  anything  else  rub  it  (!arefnlly  oveg 
the  Hiirface  of  one  of  the  Berum-tiilM-H ;  without  h 
ing  it  pnnK  it  over  the  surface  of  the  second,  then  thi 
third,  fnnrtli,  and  fifth  fube».  Place  these  tubcB  in  t 
ini'iihator.  Then  prepare  cover-slips  from  sempingi 
from  the  membrane  on  the  fauces.  If  the  ense  ifi  o 
of  true  diphtheria,  the  tubes  \vill  be  ready  for  esamint" 
tion  on  the  following  day. 

The  reason  that  plat*>s  are  not  made  in  tJie  tegi 
way  in  this  exuuiinatiou  is  that  the  baeillns  of  tUpb*l 
thcria  develop!*  much  more  luxuriantly  on  the  seniinIT 
mixtnn',  from   which  pJatcN  cannot  be  made,  than  U] 
docs  on  the  ineilia  from  which  they  can  be  made, 
method  employed,  however,  insures  a  dilution  in  1 
numlH'r  of  organiKms  present,  and  this,  in  addition  i 
the  fout  tliat  the  blood-senmi  mixture  is  a  muchmon 
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favorable  medium  for  the  rapid  development  of  the 
diphtheria  bacillus  than  of  the  other  organisms  present, 
makes  its  isolation  by  this  method  a  matter  of  but  little 
difficulty. 

After  twenty-four  hours  in  the  incubator  the  tubes 
present  a  characteristic  appearance.  Their  surfaces  are 
marked  by  more  or  less  irregular  patches  of  a  white 
or  cream-colored  growth,  which  is  usually  more  dense 
at  the  centre  than  at  the  periphery.  Except  now  and 
then,  when  a  few  orange-colored  colonies  may  be  seen, 
these  large  irregular  patches  are  the  most  conspicuous 
objects  on  the  surface  of  the  serum.  Occasionally, 
almost  nothing  else  appears. 

The  cover-slips  made  from  the  membrane  at  the  time 
the  cultures  were  prepared  will  be  found  on  microscopic 
examination  to  present,  in  many  cases,  a  great  variety  of 
organisms ;  but  conspicuous  among  them  will  be  noticed 
slightly  curved  bacilli  of  irregular  size  and  outline. 
In  some  cases  they  will  be  more  or  less  clubbed  at 
one  or  both  ends;  sometimes  they  appear  spindle  m 
shape,  again  as  curved  wedges;  now  and  then  they  are 
irregularly  segmented.  They  are  rarely  or  never  regu- 
lar in  outline.  If  the  preparation  has  been  stained 
with  Loffler's  alkaline  raethylene-blue  solution,  many 
of  these  irregular  rods  are  seen  to  be  marked  by  cir- 
cumscribed points  in  their  protoplasm  which  stain  very 
intensely — they  appear  almost  black.  This  irregularity 
in  outline  is  the  morphological  characteristic  of  bctcUIuH 
diphtheria  of  I^offler. 

It  must  be  renienibore<l,  however,  that  the  diagnosis 
of  diphtheria  should  not  under  all  circumstances  be 
made  from  the  examination  of  cover-slip  [)repaniti<)n8 
alone,  esi>ecially  when    they  are  stained    only  by  the 


388 


BACTEBIOLOOY. 


iisniil  niitlioil  —  i'.  I,,  witU  I^ffler's  m  ft  I  lyk' no-It  I  lie  J 
'riK-r(>  ure  ntlier  organisms  present  in  thu  month-oavitj 
]«irticiilarly  in  the  mituths  of  persons  having  dec^yei 
teeth,  the  inoqjhology  of  which  is  so  like  that  of  t 
biicilhis  of  diphtheria  that  they  might  eauily  he  niietakei 
for  tlint  orguiiiKiu  if  siihject«(l  to  only  the  usual  m«tho( 
ul'  ini<<roMH)pic  cxaniinntion  ;  and  again,  the  genuine  diphf 
tlicria  haoillntt  in  sometimes  found  in  llie  nionth-eavit 
of  healthy  [H'rijon.«  in  attendance  upon  diphtheria  q 
aneh  }M-r80iiH  being  at  tiie  time  insiiseeptihlo  t<i  the  p 
|{<-ide  aetivitiesof  the  organism.  In  the  vast  majority 
of  tuNtani^e^,  however,  where  tlie  clinical  condition  t 
the  [uiticnt  Jiistilies  a  KU»picion  of  diphtheria,  a  mien 
neopie  examiuation  alone  of  the  deposit  in  the  thrc 
will  nerve  to  confirm  or  contradict  this  opinion,  s 
HUch  examinations  very  frecpjontly  reveal  the  ■ 
theritic  nature,  etiolt^cally  i>jH<aking,  of  mild  condi^ 
lioiiH  of  the  throat  whieh  are  not  associated  with  grav< 
eonHtitiitional  manifestations. 

Ittmlhu*  diphtherur,  discovereil  microscopically  byl 
Klehn,  and  isolati^l  in  pun-  culture  and  pnive^l  (tfl 
riliind  in  cannd  relation  to  diphtheria  Ity  Jjoffler,  i 
nwlily  Ik-  identified  hy  its  cultural  peentiarities  i 
liy  ilH  jMithogenic  activity  when  introdiicctl  into  tisaue)! 
of  ■UMeeptihle  animals.  In  guinea-pigs  and  kittens  tbkfl 
riiiiillM  of  ilM  growth  are  histotogieully  identical  wi^.j 
tliiMe  loiinil  in  the  l)odies  of  hutuan  beings  who  havvl 
die.)  of  diphlhrnu. 

\\  lull  nliidli'il  ill  pure  culture  its  niorpfiologieal  andl 
oulttllld  |M>euliin'iliiM  are  as  follows  : 

Mtilil'lliiI-ixiY.— .\f«  obtained  directly  from  the  diph- 
tliKi'ilie  de|Hisit  in  the  thnmt  of  an  individual  sick  < 
the  ilisewMi,  it  in  itomctinies  comparatively  re^lar  i 
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shaj>c,  appearing  as  straight  or  slightly  curved  rods  with 
more  or  less  j)ointed  ends.  More  frequently,  however, 
spindle-  and  club-shapes  occur,  and  not  rarely  many  of 
these  rods  stain  irregularly ;  in  some  of  them  very 
deeply  stained  round  or  oval  points  can  be  detected. 

When  cultures  are  examined  microscopically  it  is 
especially  characteristic  to  find  irregular,  bizarre  forms, 
such  as  rods  with  one  or  both  ends  swollen,  and  very 
frequently  rods  broken  at  irregular  intervals  into  short, 
sharply  defined  segments,  either  round,  oval,  or  with 
straight  sides.  Some  forms  stain  uniformly,  others  in 
various  irregular  ways,  the  most  common  being  the 
appearance  of  de,eply  stained  granules  in  a  lightly 
stained  bacillus. 

By  a  series  of  studies  upon  this  organism  when  cul- 
tivated under  artificial  conditions  we  have  found  that 
its  form  and  size  depend  very  largely  upon  the  nature 
of  its  environment.  That  is  to  say,  its  morphology  is 
always  more  regular,  and  it  is  smaller  on  glycerin-agar- 
agar  than  on  other  media  used  for  its  cultivation  ;  while 
upon  Loffler's  blood-serum  the  other  extremes  of  de- 
velopment appear :  here  one  sees,  instead  of  the  very 
short,  spindle,-  lancet,-  club-shaped,  always  segmented 
and  regularly  staining  forms  as  seen  upon  glycerin-agar- 
agar,  long,  sometimes  extremely  slender,  sometimes 
thicker,  irregularly  staining  threads  that  are  usually 
clubbed  and  frequently  pointed  at  their  extremities. 
They  are,  as  a  rule,  markc^l  l)y  areas  that  stain  more 
intensely  than  docs  the  rest  of  tluj  rcnl,  and  at  times  they 
may  be  a  little  swolh^n  at  th(;  c^cntnj.  These  diflferences 
are  so  conspicMions  that  \\\wvim'M\}\r  prc'iKinitions  from 
cultures  from  the  HafiH*  Hoiircr,  but  ciillivjitrd  in  the  one 
case  on  gly<M*rifMijrjir  aj^ar  and  iti  i\ui  oIImt  n|K)n  blood- 
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serum,  when  [ilaced  side  l)y  siilt;  would  lianlly  be  r 
iiizcd  as  of  tiip  same  organism,  unless  its  peculiar  1 
havior  under  these  eircumstaacea  was  already  know: 
Another  j)ecii!iar  variation  is  that  observe*!  upon  v 
slightly   acid    lilood-t^erutn.      Here    the    rods    appc 
swollen,  and  are  usually  contnict<Kj  to  oval  or  t 
ohioiig  Iiodies,  which  stain  very  faintly,  and  in  \ 
are  usually  lo«^at('d  one  or  two  very  deeply  staining 
round  or  oval   jraint^.      Various  authors  have  called 
attention  Ui  brandling  ibrnis  of  tliio  organism  that  a 
occasionally   encountered,   especially   when    cultiA'ate 
upon  albninin.     We   have   never  seen  the   branchioj 
diphtheria  bacilli  under  ciniditions  thai  might  r 
bly  Ih!  regarded  aa  favorable  lo  norniid   developmeatjj 
and  in  many  thousand  bltMHl-scriiiu  cultures  from  uasctft^ 
of  diphtheria  that  have  been  examined  by  eomjietcnt  ' 
baL'teriologists  at  the  iaiKiratory  of  the  Bi)ard  of  Health 
of  I'll  i  hide  1  phi  a,  the  bniiiohing  foriua  of  this  organism 
have  not  been  observed  in  a  ningle  instance.     It  is  fair 
to  lussume,  therefore,  that  thiii  i>eGuliar  niorpliologioal 
variation  of  bacillus  diphtheria  is,  under  normal  condi- 
tions of  growth,  comparatively  rare. 

On  the  other  hand,   if  the  orgimism  be  grown  t 
media  favorable  to  involution,  ^luch,  for  tnstjince,  as  hard 
boiled  egg,  or  coagulated  egg  of  acid  n<aclion,  branchings 
may  be  seen,  but  with  it  dt^cneniled  organisms  are  Ban 
Gonspicuons  as  to   leave  no  doubt   that   the  so-calleM 
branching  and  involution  are  attributable  to  the  f 
cauBe,  namely,  unsuitable  cnuditions  of  cultivation. 

On  plain  nutrient  agar-agar  (that  is,  nutrient  a 
agar  withont  glycerin) ;  on  a  medium  consisting  of  drieC 
commcreial   albumin    diswilved   in    bouillon  (about 
grammes  of  albumin  to  100  e.c.  of  bouillon  eoutainio] 


BACILLUS  DIPHTUERIjE. 


391 


1  JKT  cent,  of  grape-sugar) ;  in  bouillon  without  glycerin, 
and  in  bouillon  to  which  a  bit  of  hanl-lx)iled  ag^r  has 
been  added,  the  morphology  of  the  organism  is  about  in- 
termediate, in  both  size  and  outline,  between  the  forms 
seen  upon  glycerin  agar-agar  and  upon  Loffler's  blood- 
serum.  There  will  appear  al>out  an  equal  number  of 
short  segmented  and  longer,  irregularly  stiiining  forms ; 
but  in  general  the  longest  are  rarely  as  long  as  the  long 
forms  seen  on  blood-serum,  and  thn)ughout  they  are  not 
so  conspicuous  for  the  irregularity  of  their  staining. 


Fig.  68. 


BaciUu9  diphUierise.  a.  Its  morphology  on  glyccrln-aj?ar-agar.  b.  Its  mor- 
phology on  Lofller's  blood-serum,  c.  Its  morpholojjy  on  acid  blood-acrum 
mixture. 

In  cultures  made  \\\h)\\  two  sets  of  nutrient  agar-agar 
tubes,  differing  only  in  the  fact  that  one  set  contains 
glycerin  to  the  extent  of  6  per  cent.,  while  the  other  set 
contains  none,  a  noticeable  difference  in  morphology  can 
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iiBimlly  be  made  out :  while  the  forms  on  tlie  glycerin"  J 
nfiiir-agar  cultures  sire  tliroiigliotit  small,  and  prcttjr] 
reguUir  in  size,  shajK!,  and  staiiimg,  those  on  tlie  plaiftl 
agar-agar  are  larger,  stain  less  imifomily,  varj-  more  ii 
shape,  and  when  staine<l  by  Loffler's  blue  are  not  SO'I 
regularly  marked  by  pale  transverse  lines  that  ^ve  to!l 
them  the  appearance  of  being  made  up  of  numerooBl 
short  segments. 

Though  the  outline  of  this  organism  is  more  regula 
under  some  cireumatuuees  than  others,  it  is  nevertheless^ 
always  conspicuous  for  its  mauilVild  variations  in  shape. 

Growth  on  Serum  Mixtuhe, — The  medium  upon 
which  bacillus  diphthcrite  grows  most  rapidly  and  lux- 
uriantly, and  wliieh  is  best  adaptetl  for  determining  its  i 
presence  in  diplitheritic  exudates,  is,  as  has  been  statedyl 
the  blood-scrum  mixture  of  Lu^er.     (8ee  chapter  O^M 
Metlia.)     On  the  blood-scrum  mixture  the  colonies  of-B 
bacillus  diphtltertcE  grow  so  much  more  nipidly  than  tbafl 
other  organisms  usually  present  in  secretions  and  exuda^' 
tions  in  the  throat  that  at  the  end  of  twenty-four  hours 
they  are  oflen  the  only  colonics  that  attract  att^ntiitn  ;  and 
if  others  of  similar  size  are  present,  they  are  geJierally  of 
quite  a  difierent  aspect.     Its  colonies  arc  large,  i 
elevated,  grayish-whit«  or  yellowish,  with  n  centre  mitf 
opsiqUR  tlian  the  slightly  irregular  periphery.     The  s 
face  of  the  colony  is  at  first  moist,  but  after  s  day  Q 
two  becomes  rather  dry  in  appearance. 

A  blood-semm  tube  studJe<l  with  ooalescent  or  » 
tered  wilonics  of  this  organism  is  so  characteristic  t 
one  familiar  with  the  nppearance  can  anticipate  with  t 
erable  certainty  tlic  n-sults  of  niicroseopio  exarainatioibfl 

Glycekin   A(iAR-A(iAR.  —  Upon   nutrient  glyos 
■agar  the  colonies  likewise  present  an  nppeura 
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that  may  readily  be  recognized.  They  are  in  every 
way  more  delicate  in  structure  than  when  on  tlie  serum 
mixture.  Tiiey  appear  at  first,  when  on  the  sur- 
face, as  very  flat,  almost  transparent,  dry,  non-glisten- 
ing, round  points  which  are  not  elevated  above  the 
surface  u]>on  which  they  are  growing.  When  slightly 
magnified  they  are  seen  to  be  granular,  and  to  present 
an  irregular  central  marking,  which  is  denser  and  darker 
by  transmitted  liglit  than  the  thin,  delicate  zone  which 
siirruniids  it.  As  the  colony  increases  in  size  the  thin 
granular  jieripheral  zone  becomes  broader,  is  usually 
marked  by  ridges  or  unicks,  and  its  periphery  is  notched 


Culonlea  uf  baeUlut  diiihlkerUi  on  Klycertn^sar-agar.  a.  Colonlei  located 
In  the  depths  of  tbc  medium.  A.  Colonies  jiiet  hreakingont  upon  the  aurlbce 
or  (he  medium,    c.  Fully  developed  a urfiu^c-culon]'. 

or  scalloped.  (Fig.  69,  c.)  These  colonies  are  always 
quite  dry  in  appearance.  When  deep  down  in  the  agar- 
agar  they  are  coarsely  granular.  (Fig.  69,  o.)  They 
rarely  e.tcced  3  mm.  in  diameter. 

Gelatin. — On  gelatin  the  colonies  develop  much 
more  slowly  thau  on  media  that  can  be  retained  at  a 
higher  t^'inperature.  They  rarely  present  their  char- 
acteristic api>eiiriine«a  on  gelatin  in  less  than  seventy- 
two  hours.  Thc^  tluin  appear  as  flat,  dry,  translucent 
poinU,  imiially  nmnd  in  outline. 
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Wlioii  miigiiitioil  slipliily  the  centre  is  seen  to  be  mnif 
cleneo  tlmn  the  siirroiimling  zone  or  zones,  fijr  they  a 
sometimes   marked    by   a   TOUcentric    arrangement  i 
zones.     The  periphery  is  irregularly   not«;hfd.      Lik< 
tlie  eolouies  seen  on  agar-ag«r,  they  are  granular, 
are  inuoh  QKire  gmniilur  when  sii'n  in  the  deptlig  of  tlM 
gelatin  than  when  on  its  surfaw.     On  gelatin  tlie  cow 
ODics  rarely  Iwcome  very  large ;   usually  they  do  i 
exceed  1.3  mm.  in  diameter. 

JVnTii.i/iN. — In  bouillon  it  usually  grows  in 
clumps,  which  fall  to  the  Iwttum  of  the  tube,  or  become 
deposited  ou  it»  sides  without  i^using  diStise  clouding 
of  the  bouillon.  Stimctiiues  there  are  exceptions  to 
this  naked-<'ye  appearance :  the  bouillon  nuiy  be  dii 
fusely  eIoude<l ;  but  if  one  inspect  it  very  closely,  p 
tienlarly  if  he  examine  it  micraseopically  as  a  hangii^ 
drop,  the  arrangement  in  elimijia  will  always  be  de^ 
tected,  but  the  clumps  are  bo  small  as  not  to  be  di» 
ccmible  by  the  unaided  eye. 

In  bouillon  kept  at  a  temperature  of  35°-37*  C.  i 
soft,  whitish  pellicle  oftcri  forms  upon  the  surface. 

C/iaiiffes  in  rew^ioiu  of  tfie  bouillon.  The  ifacUon  a 
the  bouillon  frequently  becomes  at  fifst  acid,  and  sufci 
sequently  again  alkaline,  changes  which  can  be  ofaservej 
in  cultivations  in  bouillon  to  which  a  little  meolic  a 
has  been  added.  This  play  of  reactions  has  Nn-n  atlli 
utcd  to  tho  primary  fcrmcotation  of  the  muscle- 
ollvu  present  in  the  Ixjuillon.  It  does  not  occur  whoi 
the  medium  is  free  from  carbohydrates. 

Potato. — On  potato  at  a  temperattire  of  35°-37°  CLfl 
its  growth  after  Bcvcnd  days  is  invisilde,  only  a  thin^ 
dry  gtiizc  appearing  at  the  point  at  which  the  potatoV 
was  inoculate4l.     Alieroscopic  examination  of  t)em]>ingi 
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from  the  potato,  after  twenty-four  hours  at  35°-37°  C, 
reveals  a  decided  increase  in  the  number  of  individual 
organisms  planted. 

Stab-  and  Slant-cultures. — In  stal>-  and  slant- 
cultures  on  both  gelatin  and  glycerin  agar-agar  the  sur- 
face-growth is  seen  to  predominate  over  that  along  the 
track  of  the  needle  in  the  depths  of  the  media. 

Isolated  colonies  on  the  surface  of  either  of  the  media 
in  this  method  of  cultivation  present  the  same  charac- 
teristics that  have  been  given  for  the  colonies  on  plates. 

The  growth  in  simple  stab-cultures  does  not  extend 
laterally  very  far  beyond  the  point  at  which  the  needle 
entered  the  medium. 

It  is  a  non-motile  organism. 

It  does  not  form  spores. 

It  is  killed  in  ten  minutes  by  a  temperature  of  58°  C. 

It  grows  at  temperatures  ranging  from  22®  to  37° 
C,  but  most  luxuriantly  at  the  latter  temperature. 

Its  growth  in  the  presence  of  oxygen  is  more  active 
than  when  this  gas  is  excluded. 

Staining. — In  cover-slip  preparations  made  either 
from  the  fauces  of  a  diphtheritic  patient  or  from  a  pure 
culture  of  the  organism  it  is  seen  to  stain  readily  with 
the  ordinary  aniline  dyes.  It  stains  also  by  the  method 
of  Gram,  but  the  best  results  are  obtained  by  the  use 
of  Loffler's  alkaline  methyleno-blue  solution ;  this  brings 
out  the  dark  points  in  the  protoplasmic  body  of  the 
bacilli  and  thus  aids  in  their  identification. 

For  the  purpose  of  demonstrating  the  Loffler  bacil- 
lus in  sections  of  diphtheritic  membrane,  both  the  (irani 
method  and  the  fibrin  method  of  Weigert  give  excellent 
results. 

Pathogenic  Proi»erties. — When   inoculated  sub- 
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riilaiKiHisly  irilu  the  bixlki;  of  sU!St*ptil>le  nniuiuls  the  J 
iVfiilt  in  iKit  tlio  ])nxliiii>tiou  of  s<.']}ticEi!Uiiu,  us  is  >M%n  tofl 
Ibllow  tliu  iiitnxluctiun  into  animals  of  certain  other.l 
urgtinirims  with  which  we  shall  liavc  to  deal,  Iiut  the  1 
Uu-lllus  of  iligihtheriB  remains  lo<?ali»'d  at  the  puint  i 
of  inoculation,  rart'ly  tiisscmiuutiug  further  than  the 
umifwt  lytn)ilinliv  glands.  It  ilevelops  at  the  point  in  i 
tlif  tisMUW  at  which  it  is  <lepDsitcd,  and  during  its  de-  J 
vclopnti-nt  gi\'cs  rise  to  changes  in  the  tissues  which  f 
result  cutiri'ly  trom  the  ahsorptiou  of  poisonous  albu- 
iiiins  genenit^  by  the  bacilli  in  the  course  of  tJieir  de>  \ 
vchipinent. 

In  a  HTUkin  number  of  eases'  diphtheria  bacilli  have  J 
been  tiiunil  in  the  blood  and  internal  organs  of  iudivid-f 
uiiIk  di'Ait  of  the  disease  ;  but  all  that  has  i^cen  learned  4 
from  oaix^ful  study  of  the  secondary  manifestations  of  ll 
diphtheria  tends  to  the  opinion  that  they  are  in  no  way  1 
dc|MMidcnt  upon  ihe  immediate  presence  of  bacteria,  and  I 
that  the  DPiMisional  apiwarance  of  diphtheria  bacilli  ia  ' 
the  internal  organs  is  in  all  probability  accidental,  and 
tWHully  iiniuiiKirtjint. 

|lv  »iHH'iul  methods  nf  inoculiition^  (the  injection  of  j 
Huid  ctitlnres  into  the  testicles  of  guinea-pigs)  diph-l 
ith^  Imeilli  '•on  bf  mimd  to  apjx'ar  in  the  omentum;: 
twt  (hi"  >*  purely  au  artjficiid  manifestation  of  thfe  difr-  I 
\  Mwl  iwc  tlukt  is  probably  never  encountered  id  thd 
I  wwirw  of  events.  More  mrely  similar  rceultaj 
i\  Ntitx'nluneous  inoculation. 

1%  WrhivitiinK  il(>«  DiplithnriG-bacilluR  iu  Karper  dea  1 
Mr  IIjk'"!"'  "'"l  Iuf<-'l<tiunflkrHiikb(-iteii,  IBIB 
IhMkM-:  Anlilvra  uf  PpdiBtrics.  AiiR.  I8R3.  Wright  | 
«1M.*ad  Kum.  .Iimni..  Mun-li  and  April,  18%. 

A  IVuitril'iiti..!!  Id  llie  I'atlniloKy  of  Kiprri- 
Uufkiiis  )Iia|ntal  Bulletiu,   No,  30, 
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If  a  very  minute  portion  of  either  a  solid  or  fluid 
pure  culture  of  this  organism  be  introduced  into  the 
subcutaneous  tissues  of  a  guinea-pig  or  kitten,  death  of 
the  animal  ensues  in  from  twenty-four  hours  to  five 
days.  The  usual  changes  are  an  extensive  local  cedema, 
with  more  or  less  hyperaemia  and  ecchymoses  at  the 
site  of  inoculation ;  swollen  and  reddened  lymphatic 
glands ;  increased  serous  fluid  in  the  j>eritoneum,  pleura, 
and  pericardium ;  enlarged  and  hemorrhagic  adremil 
bodies ;  occasionally  slightly  swollen  spleen  ;  and  some- 
times fatty  degeneration  in  the  liver,  kidney,  and  myo- 
cardium. In  guinea-pigs,  especially,  the  liver  often 
shows  numerous  macroscopic  dots  and  lines  on  tlie  sur- 
face and  penetrating  the  substance  of  the  organ.  They 
vary  in  size  from  a  pin-point  to  a  pin-head,  and  may  be 
even  larger.  They  are  white  and  do  not  project  above 
the  surface  of  the  capsule. 

The  bacilli  are  always  to  be  found  at  the  site  of  inoc- 
ulation, most  abundant  in  the  grayish-white,  fibrino- 
purulent  exudate.  They  become  fewer  at  a  distance 
from  this,  so  that  the  more  remote  parts  of  the  a»dcma- 
tous  tissues  do  not  contain  them.  They  are  found  not 
only  free,  but  contained  in  large  number  in  leucocytes, 
some  of  which  have  fragmented  nuclei,  or  have  lost 
their  nuclei.  The  bacilli  within  leucocytes,  as  well  as 
some  outside,  frequently  stain  very  faintly  and  irregu- 
larly, and  may  appear  disintegrated  and  dead. 

Culture-tubes  inoculated  from  the  blood,  spleen,  liver, 
kidneys,  adrenal  bodies,  distant  lymphatic  glands,  and 
serous  transudates,  generally  yield  negative  results  ;  and 
negative  results  are  also  obtained  when  these  organs  are 
examined  microscoj^ieallv  for  iha  bacilli. 

Microscopic  examination  of  the  tissues  at  the  site  of 
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inoculation,  as  well  as  of  the  liver,  spleen,  kiflneys,  \ 
lymphatic  glands,  and  piscwherp,  reveals  the  presence  J 
of  localized  foci  of  ct^l-death,  characterized  by  a  pecu*! 
liar  fragmentation  of  the  nuclei  of  tlie  cells  of  theserl 
parts. 

This  destruction  of  nuclei  results   in  the  formation'] 
of  groups  of  irrcguliirly  slmjied,  deeply  staining  boilic^  1 
having  at  times  the  appearance  of  jtarticles  of  dustyJ 
while  again  they  may  he  much  larger.     Some  of  thein-f 
are  tolerably  regular  in  outline,  while  others  are  irrega-j 
larly     crescentic,    dumb-bell,   flask-shape,    whetutone- 
shape,  or   bladder-like  in  form.     Occasionally  nuclafl 
having  the  appearance  of  being  pinched  or  drawn  out  j 
can  be  seen.    At  some  points  the  fragments  are  grouped 
in    isolated    masses,   indicating   the    location    of    the 
nucleus  from  the  destruction  of  which  they  originated. 
These  particles  always  stain  much  more  intensely  than 
dn  the  normal  nuclei  of  the  part.'     Ocrtcl  showed  long 
ago  that  these  peculiar  allei-ations  in  their  distribution 
arc  characteristif!  of  human  diphtheria,  and  the  demon- 
»tnition  of  gimilar  changes  in  aninmis  inoculated  with 
tJiis  organism  is  important  additional  proof  that  diph-  . 
theria  is  tnuscd  by  it. 

By  the  inoculation  of  certain  animals  an 
tiim  may  ho  pro4lnced  in  all  respects  identical  withJ 
diphtheria  as  it  exists  in  man.  If  one  open  tbe^l 
trachea  of  a  kitten  and  rub  ufxm  the  mucous  metiK  J 
brane  a  small  portion  of  a  pure  culture  of  thiBorgaii->r 
ism,  the  death  of  the  animal  usually  ensues  in  from  tnn 


'Sen  "Thii  IIiKbilDKi<«1  (-lianuPBii 
"TIk'  HUtoloiEiinl  Luunns  Pr«lmi'r 
Uii'TiK,"  by  Welch  ftllii  Flexnur,  Jo 
AUKQit.  1891,  *nd  HftKh,  1RH3. 
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to  four  days.  At  autopsy  the  wound  will  be  found 
covered  with  a  grayish,  adherent,  necrotic,  distinctly 
diphtheritic  layer.  Around  the  wound  the  subcuta- 
neous tissues  will  be  cedematous.  The  lymphatic  glands 
at  the  angle  of  the  jaws  will  be  swollen  and  reddened. 
The  mucous  membrane  of  the  trachea  at  the  point  upon 
which  the  bacilli  were  deposited  will  be  covered  with 
a  tolerably  firm,  grayish-white,  loosely  attached  pseudo- 
membrane  in  all  respects  identical  with  the  croupous 
membrane  observed  in  the  same  situation  in  cases  of 
human  diphtheria.  In  the  pseudo-membrane  and  in 
the  cedematous  fluid  about  the  skin-wound  bacillus 
dipfUherice  may  be  found  both  in  cover-slips  and  in 
cultures. 

From  what  we  have  seen — the  localization  of  the 
bacilli  at  the  point  of  inoculation,  their  absence  from 
the  internal  organs,  and  the  changes  brought  about  in 
the  cellular  elements  of  the  internal  organs — there  is 
but  one  interpretation  for  this  process,  viz.,  that  it  is 
due  to  the  production  of  a  soluble  poison  by  the  bac- 
teria growing  at  the  site  of  inoculation,  which,  gaining 
access  to  the  circulation,  produces  the  changes  that  we 
observe  in  the  tissues  of  the  internal  viscera. 

This  poison  has  been  isolated  from  cultures  of  6a- 
cillus  diphthencBy  and  is  found  to  belong,  not  to  the 
crystallizable  ptomaines,  but  to  the  toxic  albumins — 
bodies  which,  in  their  chemical  composition,  are  analo- 
gous to  the  poison  of  certain  venomous  serpents.  By 
the  introduction  of  this  foxalhumhi,  as  it  is  called,  into 
the  tissues  of  guinea-pigs  and  rabhitj^  the  same  patho- 
logical alterations  may  be  produced  tliat  we  have  seen 
to  follow  inoculation  with  the  bacilli  themselves,  except, 
perhaps,  the  producticm  of  false  membranes. 
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Under  certain  circumstances  with  which  we 
not  ac<{naititf(l  haciUnt  cUplU/urkr  Ijecuraes  diminisbflC 
in  viriilan*  or  may  lose  it  entirely,  so  that  it  is  i 
longer  eu{iahlc  of  producing  death  of  susceptible  ani 
main,  and  may  cause  only  a  transient  load  reaction'' 
tVom  which  the  animal  entindy  recovers.  Sometimes 
tills  reaction  is  so  slight  as  to  be  overlooked,  and 
Hgidn  (mrefn!  search  may  fail  to  reveal  evidence  of 
nny  rmctiou  at  all.  This  exhibition  of  the  extremoM  of 
its  i>atlu:^ntc  pniperties,  viz.,  death  of  the  animal,  on 
the  one  band,  and  only  very  alight  local  effects  on  tlie 
other,  was  at  one  time  thought  to  indicate  tlie  existence 
iif  twu  separate  iind  distinct  organisms  that  were  alike 
in  cultural  and  morphologioal  pounliarities,  but  which 
differed  in  their  diseiwe-pFOfiucing  power.  Further 
studies  on  this  point  have,  however,  shown  that  the 
genuine  baeHlwt  dlpliUiei-ifc  may  possess  almost  all 
grades  of  virulence,  and  that  nbaence  of  or  dimi- 
nution in  virulence  can  hardly  serve  to  distinguish 
as  separate  species  those  varieties  that  are  otherwise 
alike ;  moreover,  the  histoli^ical  conditions  found  at  the 
sit(!  of  inoculation  in  animals  that  have  not  succumbed, 
but  in  which  only  the  local  reaction  luw  appeared,  are 
in  most  cases  characterized  by  the  same  changes  that 
arc  seen  at  autopsy  in  animals  in  which  inoculation  has 
provi-d  fiital. 

In  the  course  of  their  observations  u|>on  a  large 
number  of  eases  Roux  and  Yersin  found  that  it  was 
not.  dtlli(-ult  to  detect,  in  the  diphtheritic  dejMsits  of 
the  fHiinc  individual,  bacilli  of  identical  cnltural  and 
morphological  iM-enliaritics,  butnf  very  different  degrees 
of  virulence,  iind  lluit  with  the  |irogrcss  of  the  disea.se 
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toward  recovery  the  less  virulent  varieties  ofteu  became 
quite  frequent.^ 

There  is,  moreover,  a  mild  form  of  diphtheria,  etio- 
logical ly  speaking,  affecting  only  the  mucous  membrane 
of  the  nares,  known  as  membranous  rhinitis,  from 
which  it  is  very  common  to  obtain  cultures  in  all  re- 
sjKicts  identical  with  those  from  typical  diphtheria,  save 
for  their  inability  to  kill  susceptible  animals.  On  inocu- 
lation these  cultures  produce  only  local  reactions,  but 
these  arc  chanicterized  histologically  by  the  same  kind 
of  tissue-changes  that  follow  inoculation  with  the  fully 
virulent  organism. 

Clinically,  membranous  rhinitis  is  never  such  an 
alarming  disease  as  is  laryngeal  or  pharyngeal  diph- 
theria, and,  as  stated,  the  organisms  causing  it  are  often 
of  a  low  degree  of  virulence,  though  they  are,  never- 
theless, genuine  diphtheria  bacilli. 

For  those  organisms  that  are  in  all  respects  identical 
with  the  virulent  bacillus  diphihericey  save  for  their  ina- 
bility to  kill  guinea-pigs,  the  designation  "  pseudo-diph- 
theritic bacillus''  is  usually  employed;  but  from  such 
observations  as  those  just  cited  we  are  inclined  to  the 
opinion  that  /^eiwio-diphtheritic,  as  applied  to  an  organ- 
ism in  all  respects  identical  with  the  genuine  bacillus, 
except  that  it  is  not  fatal  to  susceptible  animals,  is  a 
misnomer,  and  that  it  would  be  more  nearly  correct  to 
designate  this  organism  as  the  attenuated  or  non-viru- 
lent diphtheritic  bacillus,  reserving  the  term  "pseudo- 
diphtheritic  ''  for  that  organism  or  group  of  organisms 

'  It  must  not  bo  assumed  from  this  that  the  bacilli  lose  their  viru- 
lence entirely,  or  that  they  all  become  attenuated  with  the  establish- 
ment of  convalescence,  for  this  is  contrary  to  what  experience  ha9 
^owu  to  be  the  (^OSQ. 
'4Q 
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(for  there  are  probably  several)  that  is  uuough  like  the 
diphtheria  biicilhw  to  attract  attention,  but  in  tliatin- 
giiishable  from  it  by  certain  morphological  and  cultun 
pecnliarities  aside  from  the  question  of  virulence. 

It  is  a  well-known  fact  that  many  pathogenic  org 
isniH — cimHpionfJUS  among  these  Ix-ing  mierococciui  tan- 
ceo/iittm,  Bttiphtfhcoceiis  f/i/ogcitea  aureus,  slreptoeoeeue 
pyogtnen,  and  the  gn)np  of  so-called  "  hemorrhagic 
septicemia  "  oi^uiirniH — undergo  marked  variations  in 
their  jmthogcnic  pnjpcrties;  and  yet  these  organisms, 
when  found  either  devoid  of  this  jieculiarity,  or  possess- 
ing it  in  a  diminished  degree,  arc  nut  designated  as 
"pseudo"  forms,  but  simply  as  t!ie  organisms  them- 
selves, the  virulence  of  which,  from  v 
been  modified. 

It  must  nevertheless  be  admitted  that  in  the  ooui 
of  microscopic  examination  of  materials  from  ■ 
sonrccs,  including  the  pharynx,  one  occasionally  i 
counters  micro-organisms  whose  morphology  is  so  1 
that  of  the  genuine  bmrillus  diphiheriie  as  to  ere 
suspicion,  and  yet  they  are  at  the  same  time  sufRtuec 
unlike  it  to  make  one  cautious  in  forming  an  opioHi 
as  to  their  real  nature. 

Through  the  su^estion  of  Neisser'  we  are  fortunate 
enabled  to  overcome  this  diffieulty  in  very  large  pai^ 
lie  has  found  that  by  the  use  of  a  particular  stainiaJ 
method  the  appeaniiicc  of  hnnlhut  dijildberiir  i 
ingly  unlike  that  of  the  confusing  forms.  His  diffi 
ential  method  comprcliends  the  following  maiiipulatioiu 
the  culture  to  be  tested  should  be  gmwii  ujmu  Ix.fflet 
blood-serum  mixture  solidified  at  KK)"  f!, ;  it  should 
'  NctsMr :  Zc^iudirilt  ftir  Hy^cui:  uud  lnlcktJunBkraiildiel 
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develop  at  a  temperature  not  lower  than  34°  C.  and  not 
higher  than  36°  C. ;  and  it  should  be  not  younger  than  nine 
and  not  older  than  twenty-four  hours.  A  cover-glass  pre{>- 
aration  made  from  such  a  culture  is  stained  as  follows : 

a.  It  is  subjected  to  the  following  mixture  for  from 
one  to  three  seconds: 

Methylene-blue  (Grubler's) 1  gramme. 

Alcohol  (96  per  cent.) 20  c.c. 

When  dissolved,  mix  with 

Acetic  acid 50  c.c. 

DistiUed  water 950  c.c. 

b.  After  thoroughly  rinsing  in  water,  it  is  stained  for 
from  three  to  five  seconds  in  vesuvin  (Bismarck-brown), 

Fig.  70. 


BcuHlua  diphthcrise,  stained  by  Neisser's  method. 


2  grammes,  dissolved  in  1  litre  of  boiling  distilled  water, 
filtered,  and  allowed  to  cool.    It  is  again  rinsed  in  water 
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and  examined  as  a  water-mount,  or  it  may  be  dried  a 
niount<Hi  in  balsam. 

Wlien  so  treated  the  diphtiioria  bucilluR  appears  I 
faintly  stained  In-own  rods,  in  wiiicli  from  one  to  thw 
dark-blue  gmnulea  are  always  to  be  observed, 
dark  granules  are  at  one  or  both  jjoles  of  the  cell,  ( 
more  or  less  oval,  aod  usually  tteem  to  bulge  a  litt 
beyond  the  eoutour  of  the  bacillus  in  which  they  a 
located.  (See  Fig.  70.)  From  Neisser's  observatioi 
and  those  of  others,'  as  well  as  from  personal  expeiienc 
it  seems  safe  in  the  vast  majority  of  cases  to  regard  a 
bacilli  that  do  not  stain  in  the  way  described  as  d 
from  b(wiUu8  diphtkei-ia.^ 


Note. — Prepare  cover-slip  preparations  from  the 
mouth-cavities  of  healthy  individuals  and  from  those 
having  decayed  teeth.  Do  they  correspond  in  any  waj 
with  those  made  from  diphtheria  ?  Do  the  same  wi  j 
differeut  forms  of  sore-throat.  Do  the  peculiaritJes  i 
any  of  the  organisms  surest  those  of  the  bacillus  i 
diphtheria?     Wherein  is  the  difference? 

In  cultures  and  cover-slips  made  from  both  di^ 
theritic  and  from  innocent  eorc-throata  are  any  oi^ 
isms  almost  constantly  present?     Which  are  they,  anj 
what  are  their  characteristics? 

Which  are  the  predominating  organisms  in  the  8 
ginas  of  scarlet  fever? 

Do  these  orgnnisnis  simulate,  in  their  cultural  i 
morphological  peculiarities,  any  of  the  different  spf 
with  which  you  have  been  working? 

"Pianltd:  Borliiicrklin.  Wocbcuwhrifl.  1»B7.  Nu.  50. 

'  BFrgi-:? :  PabllcaUiuiB  of  the   I'nlversliy  ut  PcnnijlTioiB,  NdM 
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Do  the  diphtheria  bacilli  disappear  from  the  throat 
with  the  disappearance  of  the  membrane  ?  How  long 
do  they  persist?  When  obtained  from  the  throats  of 
convalescents  are  they  still  pathogenic  for  guinea-pigs? 

Prepare  a  bouillon  culture  of  virulent  bacillus  diph- 
theriae ;  after  it  has  been  growing  for  thirty-six  hours 
at  37°-30°  C.  inoculate  a  guinea-pig  subcutiineously 
with  about  0.1  c.c.  of  it.  If  the  animal  dies,  note  care- 
fully the  findings  at  autopsy,  especially  the  distribution 
of  the  bacilli.  Now  add  to  this  culture  sufficient  pure 
carbolic  acid  or  trikresol  to  kill  all  bacteria  in  it,  and 
inject  under  the  skin  of  another  guinea-pig  varying 
amounts  of  the  culture  so  treated,  beginning  with  0.05 
c.c. ;  determine  the  minimum  fatal  dose,  and  note  in 
which  respects  the  post-mortem  findings  simulate  and 
in  which  they  differ  from  those  of  the  first  animal. 
Should  any  of  the  animals  survive  the  injections  of  the 
disinfected  culture,  note  carefully  their  condition  from 
day  to  day,  particularly  any  fluctuations  in  weight. 
When  they  have  quite  recovered  inoculate  them  with 
living,  virulent  diphtheria  bacilli.  Do  the  results  cor- 
respond with  those  obtained  with  guinea-pigs  that  have 
never  been  treated  at  all  ?     Explain  the  results. 

Diphtheria  Antitoxin. — As  stated  above,  the 
growth  of  bacillus  diphtheriae  is  accompanied  by  the 
elalx^ration  of  a  poison  of  remarkable  toxicity  that  is 
accountable  for  the  constitutional  symptoms  and  patho- 
logical lesions  by  which  the  disease  is  characterized.  If 
by  appropriate  methods  this  poison  (toxin)  be  separated 
from  the  bacteria  by  which  it  was  formed,  it  is  capable, 
when  injected  into  susceptible  animals,  of  causing  death 
and  practically  all  the  lesions  that  accompany  the  dis- 
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rase  when  due  to  tlie  mvnsion  of  the  living  Iracilli.  fj  J 
oil  the  eonlrary,  the  dose  of  [wison  be  >xi  adjusted  i 
oausL*  only  teraiwrarj'  iii<»iiveiiience  and  not  enda 
lift',  and  thia  dose  be  injeeted  repeatedly,  gradually  ii 
creasing  in  size  as  the  animal  \s  able  to  bear  it,  afU>r  a 
while  a  marked  tolerauee  h  established,  so  that  the  animal 
may  be  given  many  times  tlie  amount  of  the  toxin  that 
would  otherwise  prove  fatal — /.  c,  many  times  tlie  lethat 
dose  for  iin  animal  that  hud  not  uequired  snch  a  toleranoaj 

If  blood  be   now  drawn  from  the  animal  that  hat 
Ix-eome  habituated,  so  to  si>eak,  to  the  diphtheria  toJEin,.! 
and  the  serum  collected   from  it,  we  discover  Bcveral^ 
important  facts,  viz. ; 

That  this  serum  when  mixetl  with  tlie  previouslyj 
determineil  lethal  dose  of  the  toxin  in  a  test-tube  wilt] 
either  noutridize  its  toxicity  or  greatly  rethice  it,  accord 
ing  to  the  amount  of  serum  used. 

Tliat  if  we  inject  into  an  animal  the  determined  fafa 
dose  of  the  bixin,  and  immediately  afterward  inject  | 
quantity  of  the  senim,  either  the  animal  will  not  die  0 
the  death  will  he  more  or  less  delayed,  aeeonJing  to  thfifl 
amotmt  of  senim  employed. 

That  if  a  susc^tible  animal  be  inoculated  with  i 
living  culture  of  virulent  bacillus  diphtheriie,  its  lift 
may  be  saved,  or  its  death  postjKined,  by  the  subseqiienH 
injection  of  the  serum  ;  the  rcpult  dejwnding  ujwn  1" 
amount  of  serum  used  and  the  lapse  of  time  l>elwe»ifl 
inm;ubtion  with  the  bacilli  and  injection  of  the  h 

And,  finally,  that   although   this  serum   has  such  i 
niarkfsl  effect  upon  the  toj-imi  of  bacillus  diphtheria!  i 
a  test-tube  or  in  the  animal,  and  so  striking  an  influenoc 
npon  the  conrse  of  infection  M'ilh  the  living  orgnnismsl 
in  the  animal,  it  has  little  or  no  effect  up)n  the  living  ] 
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bacilli  either  in  a  test-tube  or  at  the  site  of  inoculation 
in  the  living  animal  body. 

This  serum  with  which  we  have  been  experimenting 
is  the  so-called  "  diphtheria  antitoxin "  or  *'  antidiph- 
theritic  serum.'' 

For  practical  purposes,  it  is  obtained  from  horses, 
the  animals  being  treated  with  gradually  increasing 
doses  of  diphtheria  toxin  until  they  are  able  to  with- 
stand enormous  multiples  of  the  ordinarily  fatal  dose. 
When  this  point  is  reached,  the  protective  body — the 
antitoxin — is  present  in  the  blood  in  such  large  quan- 
tities that  the  serum  may  be  successfully  employed  in 
the  treatment  of  diphtheria  in  human  beings — /.  e.y  as 
an  antidote  to  the  diphtheria  toxin  that  Ls  produced  by 
the  growing  bacteria  in  the  throat,  or  elsewhere,  and 
distributed  through  the  body  by  the  circulating  blood. 

For  purposes  of  comparison,  the  protective  strengths 
of  antitoxic  serums  are  expressed  in  terms  of  units; 
a  unit  being  the  amount  of  antitoxic  serum  which 
will  so  neutralize  100  minimum  fatal  doses  of  toxin 
for  a  guinea-pig  of  250  grammes  weight  that  the  latter 
will  live  at  least  four  days  after  the  mixture  has  been 
injected  subcutaneously.  If,  for  example,  a  guinea- 
pig  of  about  250  grammes  weight  be  subcutaneously 
injected  with  a  mixture  of  100  fatal  doses  of  toxin  and 
0.01  c.c.  of  antitoxic  serum,  and  live  four  days,  it  is 
evident  that  the  protective  unit  is  0.01  c.c.  of  the  serum, 
and  that,  expressed  with  regard  to  volume,  each  cubic 
centimetre  of  such  serum  contains  at  least  100  antitoxic 
units;  if  0.005  c.c.  of  the  serum  neutralized  the  100 
toxic  doses,  then  the  unit  is  represented  by  0.005  c.c, 
and  200  pn)tective  units  will  be  contained  in  a  cubic 
centimetre  of  the  serum,  and  so  on. 


CHAPTER  XXI. 

Typhwd  fever— Stinlj  of  the  urgiiniaQi  cuncernud  in  iW  production — 
AoflBrtHn  eali  coii.Muiir— ftiWHiu  'Igseiittriir—ha  rcaeiulil«iico  to 
the  iHwilluB  u(  typhoid  fever— Its  iiior|'li"''>in''^'-  I'Ulliintl,  Mid 
IwlliuguDic  inujMjrliws— IlB  diirvreiitiatiDu  fTinn  fiatillu*  Ij/pkotv*— 
Huthuda  uf  lanlatiug  the  typbuid  bacillus. 

BAflLLt'-S   TYPHOSUS. 

The  oi^inism  discovered  in  the  tissues  of  typhoid 
cjwliwcrs  microscopically  by  EtiL-rch  (1880-81),  and 
fliilweqiiently  isolated  in  pure  culture  and  dtsicribed  by 
QiifTky  (1884),  is  now  generally  recoguizeil  as  the  etJo- 


%^ 


Aariflut  lyjiAom  ihDwfng  fiisell 
Btalnod  by  LQlDera  tuetliod 


loKiiml   fiw'tor  in  thi-  ppi«iuotion  of  typhoid  fever.     It 
uuiv  l»>  iliwriWtd  iiji  fnllowri: 

ll  in  a  Utt^illus  almut  three  timut  iis  lung  a»  liroiul, 
with  nimidiHl  cniU.  It  may  apimir  at  iiiie  time  as  very 
uhorl  iivhIh,  iU  nnolher  time  as  long  threads,  and  Ix^lh 
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forms  may  occur  togetlicr.  Its  breadth  rcmaiDS  toler- 
ably constant.  Its  morphology  presents  little  that 
will  aid  in  its  identification.  (See  Fig.  71.)  It  stains  a 
trifle  less  readily  with  the  aniline  dyes  than  do  most  of 
the  other  organisms.  It  is  very  actively  motile,  and 
when  stained  by  the  special  method  of  Liifflor  (see 
this  method  in  chapter  on  Staining)  is  seen  to  possess 
very  delicate  locomotive  organs  in  the  form  of  fine, 
hair-like  flagella,  attaehed  in  large  numbers  to  all  partfi 
of  its  surface.  (See  Fig.  72.)  These  fl:^lla  are  not 
seen  in  unstained  preparations,  nor  are  thoy  rendered 
visible  by  ordinary  methods  of  staining. 

In  patients  suffering  from  typhoid  fever  the  organ- 
ism has  been  found  during  life  in  the  blood,  urine,  and 
fieces,  and  at  autopsies  in  the  tissues  of  the  spleen,  liver, 
kidneys.  Intestinal  lymphatic  glands,  and  intestines. 

Gelatin  Plates. — Its  growth,  when  seen  in  the 
depths  of  the  medium,  presents  nothing  characteristic, 
api)earing  simply  as  round  or  oval,  finely  granular 
points.  On  the  surface  it  develops  as  very  superficial, 
blue-whit«  colonies,  with  irregular  borders.  They  are 
a  little  denser  at  the  centre  than  &t  the   periphery. 


/0^!^ 


Colony  o(  baemta  typhomi  on  gelati 


When  magnified,  the  colonies  present  wrinkles  or  folds, 
which  give  to  them,  in  miniature,  the  appearance  seen 
in  the  relief  maps  made  to  represent  mountainous  dia- 


■  Diintii 

^1  pn-pai 

Ilk 


trictb,  (Fig.  73.)  Those  colonies  have  sometimes  the 
ap[M»rance  of  flattened  pellicleB  of  glass-wool,  and 
usually  a  pearl-iike  lui^tre. 

On  AiiAB-AOAR  the  colonies  present  nothing  typical. 

Stab-cultures.  —  In  stab-cultures  the  gro\rth  is 
mostly  on  the  surface,  there  being  only  a  veiy  limited 
development  down  lirn  track  made  by  the  nefdle.  The 
surface-grow~th  ha.i  the  same  appearance  in  general  as 
that  given  for  the  colonies. 

PftTATo, — Tile  growth  on  potato  is  usnally  described 
as  luxuriant  but  invisible,  making  its  presence  evident 
only  by  the  proiluction  of  a  slight  increase  of  m(itsturc 
at  the  inoculated  point,  and  by  a  limited  resistance 
ofl'ered  to  a  neeiJie  when  it  is  Bcraped  ai.^ross  the  track 
of  growth.  While  this  is  so  in  many  cases,  yet  it  cannot 
be  considered  as  invariable,  for  at  times  this  orgamsm 
develops  more  or  less  visibly  on  pot^ito. 

P()TATO-OEi,ATiN. — The  gro\vth  is  similar  to  that 
upon  ordinary  nutrient  gelatin. 

Milk. — It  does  not  cause  coagidation  when  grown 
in  sterilized  milk, 

B()tJiLix>s. — It  canses  uniform  clouding  of  the  bouil- 
lon !ind  brings  about  a  slightly  acid  reaction, 

Indol  FoitMATioN. — It  is  customary  to  n-gard  tliis 
organism  as  devoid  of  the  power  of  forming  indol ; 
in  fiict,  this  has  hitherto  been  considered  one  of  its 
important  ditterential  peon  1  inn  tics.  By  the  usual  meth- 
o<ls  of  cultivation  iind  testing  the  indol  reaction  is  not 
observed  in  cultures  of  the  typhoid  bacillus.  It  has 
recently  been  shown,  however,  by  Pcckham,  tliat  by 
repeated  transplantation,  at  short  intervals,  into  either 
Dunham's  jw-ptone  solution,  or,  preferably,  a  freshly 
prepared  alkali-tiyptone  solution,  made  from  trypton- 
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ized  beef-muscle,  that  the  indol-producing  function 
may  be  induced  in  the  genuine  typhoid  bacillus  obtained 
directly  from  the  spleens  of  typhoid  cadavers/ 

It  does  not  produce  gaseous  fermentation.  On  lactose- 
litmus-agar-agar  it  grows  as  pale-blue  colonies,  causing 
no  reddening  of  the  surrounding  medium  ;  though  if 
glucose  be  substituted  for  lactose,  both  the  colonies  and 
the  surrounding  medium  may  become  red.  In  the  fer- 
mentation-tube, in  glucose  or  lactose  bouillon,  no  evo- 
lution of  gas  as  a  result  of  fermentation  occurs. 

It  does  not  form  spores.  The  irregularities  of  stain- 
ing so  commonly  seen  in  this  organism  have  in  some 
instances  led  to  the  belief  that  the  pale,  unstained  |K)r- 
tions  of  the  bacilli  indicate  the  presence  of  sj)ores. 
More  reliable  tests,  however,  have  demonstrated  the 
error  of  this  opinion.  (What  is  the  most  trustworthy 
test  of  spore-formation  ?) 

It  grows  at  any  temperature  between  20°  and  38°  C, 
though  more  favorably  at  the  latter  point.  It  is 
very  sensitive  to  high  temperatures,  being  killed  by 
an  exposure  of  ten  minutes  to  60°  C,  and  in  a  much 
shorter  time  to  slightly  higher  temperatures. 

It  does  not  liquefy  gelatin. 

It  grows  both  with  and  without  oxygen. 

It  does  not  grow  rapidly. 

Owing  to  a  tendency  to  retraction  of  its  protoplasm 
from  the  cell-envelope  and  the  consequent  production 
of  vacuoles  in  the  bacilli,  the  staining  of  this  organism 
is  frequently  more  or  less  irregular.  At  some  points  in 
a  single  cell  marked  differen(»es  in  the  intensity  of  the 

*  A.  W.  Peckliam:  "The  Influonco  of  Environment  Upon  the 
Biological  Functions  of  the  ( V>Ion  Group  of  Bacilli/'  Journal  of  Ezperi- 
mental  Medicine,  1897,  vol.  ii. 
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arc  not  of  necessity  distributed  along  the  course  of  the 
capillaries,  but  are  localized  in  small  clumps  through 
the  organs,  and  it  is  for  these  clumps,  which  are  easily 
detected  under  a  low-power  objective,  that  one  should 
search.  This  peculiar  clumping  of  the  typhoid  bacilli 
in  the  tissues  cannot  be  satisfactorily  explained.  It 
may  possibly  be  due  to  the  specific  clumping  or  agglu- 
tinating influence  that  typhoid  blood  has  been  shown  to 
have  upon  the  typhoid  bacillus,  a  phenomenon  that  is 
readily  demonstrable  in  the  test-tube  or  under  the 
microscope.  In  other  words,  may  it  not  be  simply  the 
result  of  an  intracapillary  "Widal  reaction"?  (See 
Widal  Reaction.) 

When  the  section  is  prepared  for  examination,  if  it 
be  gone  over  with  a  low-power  objective,  one  will 
notice  at  irregular  intervals  little  masses  that  look  in 
every  respect  like  particles  of  staining-matter  which 
have  been  precipitated  upon  the  section  at  that  point. 
When  theses  masses  are  examined  with  a  higher  power 
ol)jective  they  will  be  found  to  consist  of  small  ovals  or 
short  rods  so  closely  packed  that  the  individuals  com- 
posing the  clump  can  often  be  seen  only  at  the  extreme 
periphery  of  the  mass.  This  is  the  characteristic  ap- 
pearance of  the  typhoid  organism  in  tissues.  The  little 
masses  are  usually  in  the  neighborhood  of  a  capillary. 

Result  of  Inoculation  into  Lower  Animals. — 
A  great  many  experiments  have  been  made  in  a  variety 
of  ways  with  the  view  of  reproducing  the  pathological 
conditions  of  this  disease,  as  seen  in  man,  in  the  tis- 
sues of  lower  animals,  but  with  practically  no  success. 
From  the  time  of  its  discovery  up  to  within  a  compara- 
tively recent  date  there  was  an  almost  continuous  con- 
troversy  concerning  the  infective  properties  of  bacillus 
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lyphf>s\ui  fur  aiiimals.     By  some  it  was  held  that  tha'l 
eSbutf  uf  it^  iDtriKluctioii  int^t  uiiiinalH  were  manifestly  I 
of  toxic '  origin,  while  others  regarded  them  as  evidenoee  I 
of  genuine  infection.^     These  (!ivers.itie8  of  opinioa  an  I 
hardly   surprising   when   we    renienilier    tliat   animals  j 
nt'ver  suffer  natnralty  from  a  disease  similar  to  typhoid  1 
fever,  and  therefore  offer  many  obstaeles  to  its  ^tliftil 
roprodnction,  and  that  tiie  vigor  of  this  organism  when  J 
CLiltivatc<l  from  various  sources  is  liable  to  a  wide  range  I 
of  fluctuation.     For  a  time  there  seemed  to  be  good  I 
grounds  for  the  opinion  that  under  exceptional  circura-J 
stances  bitcUliin   typhosiut  did   exhibit   truly   infectiva^ 
properties,  and  the  repnrtetl  experiments  of  Cygnatus" 
in  particular,  as  well  as  a  single  observiition  by  the  • 
writer,*  in  no  wise  weakenetl  this  opinion.    By  a  variety 
ofniethods  Cygnieus  ilcmonstmted  that  this  organism 
possessed  the  property  of  multiplyinn  within  the  in- 
ternal organs  of  animals  and  of  causing  constitutional 
symptoms   and   pathological   lesions   that  very  closely 
simulated  those  of  typhoid  fever  as  seen  in  man.     In 
1890  the  writer  called  attention  to  the  lesions  found  in 
one  of  a  number  of  nilibits  tliat  had  snccumbed  to 
intmvenous  injection  of  large  amounts  of  fluid  cultures 
of  this  organism. 

In  this  case  there  was  an  nicer  in  the  ileum  whicJi 
was  macn>6copicalIy  and  mi<Toscoi)ically  identical  with 
those  found  at  autopsy  in  the  small  intestine  of  human 

'  Toiic — poiBonouHrmulbiTiiit  nociSHlrily  accompaninl  h;  the  growth 
or  I'TKBDinOB  throufifaoiil.  the  litsiipjt. 

'  InfectiTeorsrptip— poisoning  uf  the  tissupBiu  a  result  of  the  gTowth 
of  hortcria  within  them. 

•Cyenwiis:  Zipjilnr's  BvitrngG  mr  Anftt.  unil  Path.,  I8B0,  HA.  vii. 
Heft,  3,  a.  377. 

*  Butlotis  of  tlio  Jubiu  Hopkins  BospitAl,  1890,  vol.  i.  p.  S3. 
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subjects  dead  of  this  disease.  The  typhoid  bacilli  were 
not  only  obtained  from  the  spleen  of  the  animal  by 
culture  method,  but  the  characteristic  clumps  were  also 
demonstrated  microscopically  in  sections  of  the  organ. 

It  must  be  said,  however,  that  such  results  are  ex- 
tremely rare.  As  a  rule,  the  only  effects  that  follow 
the  introduction  of  this  organism  into  animals  are  refer- 
able to  the  intoxicating  action  of  the  materials  used. 
In  fact,  the  results  of  modern  investigations  have  placed 
bacillus  typhosus  in  the  category  of  toxin-producers, 
and  through  the  use  of  the  toxins  produced  by  it  ani- 
mals have  been  rendered  immune  from  otherwise  fatal 
doses.  The  serum  of  such  animals  has  also  been  shown 
to  possess  a  certain  degree  of  immunizing  power.^ 

In  connection  with  the  inoculation  of  animals  with 
bacUlus  typhosus  observations  of  a  most  important 
nature  have  been  made  by  Sanarelli  ^  upon  the  arti- 
ficial induction  of  susceptibility  to  its  pathogenic  ac- 
tion. He  found  that  rabbits,  guinea-pigs,  and  mice 
could  be  rendered  susceptible  to  infection  by  this  organ- 
ism by  preliminary  injections  into  them  of  the  products 
of  growth  of  certain  saprophytes — proteus  vulgaris^ 
bdcillus  prodigiosuSy  and  bacterium  cdi  commune;  and 
that  by  whatever  means  the  animal  was  subsequently 
inoculated  with  fresh  cultures  of  the  typhoid  bacillus, 
either  into  the  circulation  or  into  the  peritoneal  cavity, 
death  resulted  in  from  twelve  to  forty-eight  hours,  with 
the  pathological  alterations  most  conspicuous  in  the 
digestive  trac;t,  and  particularly  in  the  small  intestine. 
In  these  cases  the  infection  is  general,  and  the  organisms 

*  PfeiflTer  and  Kolle :  Zeitechrift  fiir  Hygiene  und  Infektionskrank- 
heiten,  1896,  Bd.  xxi.  S.  208. 
»  Sanarelli :  Annalcs  dc  I'lnstitut  Pasteur,  1892,  tome  vi. 
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question  concerning  the  influence  of  gaseous  products 
of  decomposition  upon  the  health  of  individuals,  and 
particularly  upon  the  part  played  by  them  in  diminish- 
ing natural  resistance  to  infection.^ 

Because  of  the  variations  in  the  morphology  and  cult- 
ural peculiarities  of  this  organism,  and  because  of  the 
difficulty  experienced  in  efforts  to  reproduce  in  lower 
animals  the  conditions  found  in  the  human  subject, 
typhoid  fever  is  bacteriologically  one  of  the  most  unsat- 
isfactory of  the  infectious  diseases. 

A  number  of  other  organisms  appear  botanically  to 
be  closely  related  to  the  typhoid  bacillus,  and  with  our 
present  methods  for  studying  them  they  so  closely  simu- 
late it  that  the  diflBculty  of  identifying  this  organism 
is  sometimes  very  great.  In  addition  the  variability 
constantly  seen  in  pure  cultures  of  the  typhoid  bacillus 
itself  in  no  way  renders  the  task  more  simple. 

For  example,  the  morphology  of  the  typhoid  ba- 
cillus is  conspicuously  inconstant ;  its  growth  on  potato, 
which  was  formerly  described  as  characteristic,  may, 
with  the  same  stock,  at  one  time  be  the  typical  invis- 
ible development,  at  another  time  it  may  grow  in  a  way 
easily  to  be  seen  with  the  naked  eye ;  and  the  change  of 
reaction  which  it  is  said  to  produce  in  bouillon  is  some- 
times much  more  intense  than  at  others.  The  indol- 
producing  function,  hitherto  regarded  as  absent  from 
this  organism,  is  now  known  to  be  occasionally  de- 
monstrable by  ordinary  methods,  and  frequently  by 
special  methods  of  cultivation.     (Peckham,  /.  c.)     The 

'  See  paper  by  the  author :  "  The  Effects  of  the  Gaseous  Products  of 
Decomposition  upon  the  Health,  and  Resistance  to  Infection,  of  Certain 
Animals  that  are  Forced  to  Respire  Them,"  Transactions  of  the  Asso- 
ciation of  American  Physicians,  1895,  vol.  z.  pp.  16-44. 
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propprtiea  [ 
ODii^Uiiit  art.'  its  mutility  ;  ittt  inability  U^  cuu;«r  g 
fermentation  of  glui^ose,  lactose,  or  sacrliaroso  ;  \t»  inca- 
pacity for  coagulating  milk;  and  its  growth  on  gclnlin 
plates;  but  there  arc  other  bacilli  which  possess  these 
same  oharacteriBliei*  to  a  degree  that  remiers  their  diller- 
entiation  from  the  typhoid  oi^nigm  often  a  msitler  that 
re<|uires  the  carcfnl  applitsition  of  all  the  difterent  tests. 

An  interesting  reaction  of  the  typhoid  bacillus  is 
seen  when  it  is  brought  in  contact  with  the  blood- 
scrum  from  human  l»cing8  sick  of  typhoid  fever,  or  from 
animals  that  have  survived  inoculation  with  cultures  of 
this  organism.  This  reaction  con.sists  of  a  peculiar 
alteration  in  t)ie  relation  of  the  oi^nisms  to  one 
another  in  the  fluid.  As  ordinarily  seen  in  a  hanging 
dnip  of  bouillon,  the  typhoid  bacilli  appear  as  single, 
actively  motile  cells;  when  to  such  a  drop  a  drop  of 
dilute  serum  from  a  ease  of  typht>id  fever  is  added  the 
motility  of  the  oi^nism  gradually  becomes  lessened, 
and  finally  ceases,  and  the  Ijactcria  eongri'gate  in 
larger  and  smaller  clumps.  The  reaction  may  also  be 
produced  in  another  way,  viz.,  hy  adding  to  alwut  4  or 
6  c.c.  of  a  twenty-four-hour-old  iHHiillon  culture  of 
typhoid  bacilli  in  a  narrow  test-tnbe  about  eight  drops 
of  senmi  from  a  case  of  typhoid  fever,  after  which  the 
tube  is  pla^red  In  the  incubator.  After  a  few  hours  the 
normally  cloudeil  culture  is  seen  to  have  luidiTgone  a 
change;  instead  ofthediffuseeloud  caused  by  the  jirowth, 
the  fluid  is  found  clear  and  contains  within  it  flocrulent 
masses  of  the  bacteria  that  have  agghitinattxl  lnpether 
OS  a  result  of  the  speeific  action  of  the  serum  used. 

For  the  hantring-dmp  test,  «iiffiriont  serum  may  be 
obtained  fn 
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the  test-tube  reaction  a  larger  amount  is  needed ;  this 
may  be  obtained  from  blood  drawn  from  a  superficial 
vein  by  means  of  a  hypodermic  syringe,  or  from  the 
cleansed  skin  by  a  wet-cup,  or,  better  still,  from  a 
small  cantharides  blister. 

It  is  proper  to  state,  however,  that  occasionally  cult- 
ures of  genuine  typhoid  bacilli  are  encountered  that  do 
not  respond  to  this  peculiar  influence  of  typhoid  blood, 
even  though  the  blood  be  tested  at  different  stages  of 
the  disease,  and  even  though  it  causes  the  characteristic 
cessation  of  motion  and  clumping  with  other  cultures  of 
this  organism  upon  which  it  may  be  tried. 

When  employed  conversely — L  e,y  for  deciding  if 
the  serum  used  is  from  a  e4ise  of  typhoid  fever  or  not — 
the  reaction  constitutes  "Widal's  scrum  diagnosis  of 
typhoid  fever."  For  this  puqjose  it  is  often  necessary 
to  test  sevend  cultures  of  genuine  typhoid  bacilli,  from 
different  sources  and  of  varying  degrees  of  vitality,  be- 
fore a  culture  is  procured  that  gives  the  reaction  most 
conspicuously  and  quickly  with  genuine  typhoid  serum. 
This  culture  is  then  to  be  set  aside,  to  be  used  for  this 
test  with  serums  from  doubtful  cases  of  the  disease. 

WiDAL^s  Reaction  with  Dried  Bi/X)D. — For  clin- 
ical purposes  it  is  of  importance  to  know  that  this  reac- 
tion can  be  obtained  from  dried  blood — i,  e,,  by  the 
method  suggested  by  Wyatt  Johnston,  of  Montreal. 
In  this  method  a  drop  of  the  blood  to  be  tested,  ol> 
tained  by  a  needle-prick  in  the  cleansed  finger  or  lobe 
of  the  ear,  is  collected  on  a  bit  of  clean,  unglazed 
paper  and  allowed  to  dry.  The  paper  is  then  folded, 
kept  free  from  contamination,  and  taken  to  the  labora- 
tory. With  a  medium  size  platinum-wire  loop  a  drop 
of  sterile  bouillon,  water,  or  physiological  salt  solution 
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is  gently  nibbwl  upon  tliii  iltn\>  of  driiil  IjIikkI  notil  the 
c»iiU>tlt^  of  the  li>0|>  arc  nf  a  dark  amber  eolor;  thi-^  ia 
then  mixed  with  a  drop  of  a  bouillon  culture  of  typhoid 
bacilli  un  a  cover-glass,  which  is  mounted  uj>on  tJic 
hollow-ground  sli<le  as  a  lianging  drop,  when  the  eficct 
of  the  dilutLHl  blood  upon  the  culture  can  be  observc<i 
witli  the  micrttscojH-.  The  reaction,  if  jmsitivt^,  should 
iiouur  within  n  half  hour.  Many  object  to  thi»  method 
hecaiiue  it  is  impossible  accurately  to  tlilutc  the  bUxMl 
by  tiic  plan  used.  A  number  of  tests  have  shown  us 
tliat  pnt[>arations  made  in  this  way  correspond  roughly 
with  a  fresh-blood  dilution  of  from  1  :  15  to  1  :  20,  as 
iletiTmincd  by  the  ha>mc^lobinonieter.  In  a  small 
numlxT  of  cases  in  whieh  parallel  tosts  were  made 
willi  this  and  Mnlh  fresh  fluid  serum  the  results  worn 
concordant.  We  are  inclinetl  to  the  opinion,  however, 
that  in  doubtfid  cases,  in  which  all  tlie  available  clin- 
ical evidence  is  opposed  to  either  the  positive  or  nega- 
tive resulta  of  the  t«'st,  the  diSiculty  ia  much  more 
(!(\rtJiinly  dearth  away  by  the  use  of  highly  diluted 
and  exactly  diluted  fresh  scrum  than  by  tbig  method. 
(V>ni]K'teiit  observers  are  <if  the  opinion  that  in  all 
ttueh  (WHCH  the  quantity  of  serum  in  the  Imnging  drop 
fthould  lie  dccri'aBcd  until  it  is  present  in  the  proportion 
of  from  {not  leas  than)  1  :  50  to  1  :  (iO,  and  that,  if  after 
exposure  to  this  dilution  for  two  hours  the  bacilli  are 
Htill  motile  and  not  clumped  tt^ther,  or  the  reaction  is 
rlefieient  In  only  one  or  the  other  of  these  i>eculiaritie8f 
the  enw  from  which  the  serum  was  obtaineil  may  be  eaMy 
rcKTirded  a*  not  typhoid  fever,  or  if  typhoi<l  the  exami- 
nntion  was  not  made  at  a  time  when  agglutinin  wa.'i  pre^ 
cut  ill  demonstrable  (juantilies  in  the  circulating  blixjd. 
Esiwrienoo  with  tlie  dry-blood   method  at  the   Mu- 
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nicipal  Laboratory  of  Philadelphia  in  more  than 
12,000  examinations  from  about  10,000  febrile  con- 
ditions, leads  us  to  regard  the  culture  used  as  one  of 
the  most  important  factors  in  the  test.  After  deciding 
upon  the  most  suitable  culture  for  the  reaction — and  it 
is  often  necessary  to  try  a  great  number  from  various 
sources — we  have  adopted  the  plan  of  daily  trans- 
planting the  culture  into  fresh  bouillon  and  keep- 
ing it  at  a  temperature  rarely  above  20°-22°  C.  The 
bacilli  grown  under  these  circumstances  are  usually 
somewhat  longer  than  when  cultivated  at  higher  tem- 
perature, and  they  exhibit  a  regular,  gliding  motility 
that  renders  it  more  easy  to  follow  the  individual  cells 
under  the  microscope  than  when  tliey  possess  the  usual 
active,  darting  motion. 

In  the  group  of  cases  examined  by  us  by  the  dry- 
blood  method,  including  typhoid  and  other  febrile  con- 
ditions, there  is  a  discrepancy  between  the  clinical  and 
the  laboratory  diagnosis  in  from  2  to  3  per  cent,  of  the 
cases  examined. 

In  the  hands  of  all  who  have  carefully  employed 
the  Widal  reaction  for  the  diagnosis  of  typhoid  fever 
the  results  are  reported  to  have  been  almost  uniformly 
satisfactory.  In  the  great  majority  of  cases  the  reac- 
tion is,  so  far  as  experience  indicates,  specific — i.  e.,  a 
typical  reaction  does  not  occur  between  typhoid  serum 
and  organisms  other  than  the  typhoid  bacillus,  nor  be- 
tween the  typhoid  bacillus  and  serums  other  than  those 
of  typhoid  fever.  There  are,  however,  confusing  reac- 
tions— ^so-called  pseudo-reactions — in  which  more  or 
less  clumping  of  the  bacilli  and  a  diminution  of  motion, 
without  complete  cessation,  are  observed.  These  reac- 
tions have  been  seen  to  occur  with  normal  blood  and 
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with  blood  from  otlier  febrile  condJtious.  It  U  eaid  bv 
JobostoD  and  McTaggiirt '  lliat  Ihey  cud  be  prevcQto<l 
if  irultures  of  jiut  the  piiiper  degne  of  citalittf  are  fjii- 
ployed ;  and  ibis  corresjwwls  with  the  retiiilte  of  a  fairly 
wide  iierwiial  PsiK'ricnce  witb  Uio  test. 

The  bluod  of  (x-rtiiin  aninialti,  as  w<.-ll  as  a  uutnber  of 
ehemii^l  substun{-e^,  such  an  cornmivL-  sublimate,  nloo- 
hol,  sulitrylic  acid,  reson;iu,  mid  ^franin  in  high  dilution, 
cause  a^lutiuatioQ  of  the  typboid  banilli ;  but  the  rvac- 
lion  is  not  spwific,  for  in  most  cases  they  have  the  same 
effet't  on  other  motile  bacilli. 

The  mL'thod  is  still  in  the  experimental  stage,  and 
then-  arc  numerous  fuatun>s  not  entirely  clear.  In 
the  light  of  preseut  experience,  however,  it  is  fair 
presumptive  evidence  tliat  the  serum  is  from  a  case 
of  typhoid  fever  when  unmistakable  o^lutination  and 
cessation  of  motion  are  seen  in  fn.>m  (ittcen  to  twenty 
minutes  after  typhoid  bacilli  are  mixed  with  the  serum 
of  a  lauspieious  febrile  condition. 

All  the  pret^ling  points  should  be  Iwme  in  mind  in 
tlie  examination  of  drinking-water  sti))posed  to  be  con- 
taminated by  typhoid  dejections,  for  the  organisms 
which  most  closely  approach  the  typhoid  bacillus  in 
growth  and  raoq)hol()gj'  are  just  those  organisms  which 
would  appear  in  water  contaminated  from  ceseixmls — 
('.  c,  the  organisms  constantly  found  in  the  normal  intes- 
tinal tnw^t.  Even  in  the  stools  of  typhoid-fever  patients 
tlic  presence  of  these  nuruiul  inhabitants  of  the  intes- 
tinal tract  renders  the  isolation  of  the  typhoid  organisma 
somewhat  troublesome. 

Methods  of  Isolating  the  Typhoid  liAciu.rs. 

— BacllhtH  fifphosu*  is  so  variable  in  many  of  its  bio- 

>  JohDBtDii  and  UcTuggart:  Montreal  Modiistl  Juurual,  March,  1897, 
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logical  peculiarities,  and  is  so  closely  simulated  in  cer- 
tain respects  by  a  group  of  other  organisms  to  which  it 
ap{)ears  to  be  botanically  related,  that  its  identification, 
esj)ccially  outside  the  infected  body,  is  usually  a  matter 
of  considerable  difficulty  and  uncertainty.  For  these 
reasons  many  efforts  have  been  made  to  discover  sj^ecific 
reactions  for  the  organism,  and  with  tliis  end  in  view 
many  methods  have  been  devised  for  its  isolation  from 
water,  fieces,  sewage,  and  other  matters  believed  to  con- 
tain it.  None  of  them,  however,  has  given  general 
satisfaction,  and  many  have  proved  wholly  untrust- 
worthy. Those  worthy  of  some  degree  of  confidence 
are  as  follows : 

EUnci-^s  method.  The  medium  employed  is  an  acid 
mixture  of  gelatin,  pofcito-juice,  and  potassium  iodide. 
It  (contains  neither  peptone  nor  sodium  chloride.  On 
this  medium  it  is  claimed  that  the  ordinary,  rapidly 
growing,  liquefying  saprophytes  do  not  develop,  and 
that  the  colon  bacillus  and  typhoid  bacillus  find  it 
favorable  for  growth.  These  are  differentiated  from 
one  another  by  the  macroscopic  and  microscopic  char- 
acter of  their  colonies — i,  e.,  the  growth  of  the  colon 
colonies  differs  little  or  not  at  all  from  that  seen  on 
ordinary  nutrient  gelatin,  while  that  of  the  typhoid 
colonies  is  so  slow  that  they  are  scarcely  visible  at  the 
end  of  twenty-four  hours.  After  forty-eight  hours  the 
latter  appear  under  the  low  power  of  the  microscope  as 
small,  pale,  finely  granular,  almost  transparent  bodies 
easily  distinguished  from  the  coarser,  brownish  colonies 
of  the  colon  bacillus. 

While  the  method  is  useful,  it  has  its  limitations, 
and  is  not  always  reliable.  At  times  colon  colonies 
develop  in  a  manner  that  may  readily  cause  one  to 
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niistalic  them  fur  typhukl  colonies;  whilp  typhoid 
onies  may  prcstiit  the  characteristics  of  those  due  to 
growth  of  tJie  colon  hacillus.     This  is  eapeciaUy 
case  in  plains  more  than  forty-eight  hours  old  that  hi 
l)eeii  liept  at  ordinary  roora-teniperatu«'. 

In  our  experience  the  moet  Berviceable  feature  of  this 
niptliod  is  the  eliniinatioQ  of  many  of  tlie  common  sap- 
rophytes UBiially  present  in  mixtures  containing  typlioii 
and  colon  bacilli.     The  majority  of  them  do  not  gi 
upon  gelatin  made  by  tliis  method,  which  will  now 
descritied. 

The  description  given  by  Eisner'  of  the  mode 
preparation  of  the  mediiini  is  so  incomplete  and  uni 
isfactory  in  most  of  the  important  details  that  prac^ 
tieally  all  who  use  the  method  have  been  obliged 
to  develop  their  own  teehnique  from  the  general  sug- 
gestions made  in  his  original  communication.  The 
"Eisner  medium"  that  has  given  satisfaction  in  onr 
hands  is  prepared  as  follows :  grate  one  kilogramme  of 
peeled  potatoes  and  allow  \a  stand  over  night  in 
refrigerator.  Then  press  out  all  juice,  uging  an 
nary  meat-press  for  the  purpose.  Filter  this 
juice  eold,  to  remove  as  much  of  the  starch-gran- 
ules as  possible;  if  this  is  not  done,  the  starch  when 
heated  swells  to  such  an  extent  as  to  render  liltr.ifion 
almost  impracticable.  Boil  the  filtrate  and  filter  again. 
Test  the  filtrate  for  acidity  by  titrating  10  c.c.  with  a 
decinormul  solution  of  sodium  hydroxide,  the  indicator 
used  being  6  dro])s  of  the  ordinarj-  \  per  cent,  solntion 
of  phenol  phial  ein  in  50  per  cent,  alcohol.  The  acidity 
of  the  juice  should  be  such  as  to  require  3  c.c,  of  a  deci- 
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normal  sodium  hydroxide  solution  to  neutralize  10  c.c.  of 
the  juice.  (Potter.)  If  the  acidity  is  found  to  be  greater 
than  this,  which  is  usually  the  case,  dilute  with  water 
until  the  proper  degree  is  reached.  If  less  than  this, 
the  juice  may  be  concentrated  by  evaporation.  It  is 
desirable  that  this  acidity  should  be  due  to  the  acids  nor- 
mally present  in  the  potato,  and  that  it  should  not  be  arti- 
ficially obtained  by  the  addition  of  other  acids.  Now 
add  10  per  cent,  of  gelatin  (no  peptone  and  no  sodium 
chloride),  dissolve  by  boiling,  and  again  test  the  acidity, 
using  10  c.c.  of  the  mixture  and  phenolphtalein  as 
before.  Deduct  3  c.c.  (the  acidity  of  the  potato-juice, 
that  is  to  be  maintained)  from  the  number  of  c.c.  of  the 
decinormal  sodium  hydroxide  solution  required  to  neu- 
tralize the  10  c.c.  of  the  gelatin  mixture,  and  from  the 
resulting  figure  calculate  the  amount  of  normal  solution 
of  sodium  hydroxide  needed  for  the  entire  volume,  and 
add  it.  Boil,  clarify  with  an  q^^,  and  filter  through 
paper  in  the  usual  manner.  To  the  filtrate  add  potas- 
sium iodide  in  the  proportion  of  1  per  cent.  Decant 
into  tubes  and  sterilize. 

Stoddarfa  method.  The  principle  upon  which  this 
method  is  based  may  be  briefly  stated  as  follows :  if  the 
typhoid  bacillus  be  cultivated  in  a  semi-solid  nutrient 
medium  at  about  35°  C,  its  growth  is  not  circumscribed 
or  confined  to  the  immediate  neighborhood  of  the  point 
of  inoculation ;  whereas  if  a  less  actively  motile  organ- 
ism— the  colon  bacillus,  for  example — be  cultivated 
imder  similar  circumstances  there  is  no  apparent  ten- 
dency for  it  to  diffuse  itself  through  the  medium  ;  its  de- 
velopment is  confined  to  the  point  of  inoculation.  In  the 
former  case  the  medium  becomes  clouded  throughout ; 
in  the  latter  it  remains  clear,  except  at  the  immediate, 
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sharply  il(itine<I  afiiit  of  fjmwtli.     It'  :i  mixture  of  tlic 
two  ni^mirims  be  taken  iiixm  tlie  jjoint  uf  a  ntedle  and 
<U'lxisitetl  at  a  sia^\e  ajxit  upon  a  plate  made  from  a  ] 
8etui-m>lid  nutrient  mediiiui,  or  Ik-  planted  as  a  stab- 
culture  in  u  t4.>st-tubc  uf  tile  wiuie  uiedinni,  the  growth  I 
of  the  colon  ImcilltiH  remains  alHiut  the  part  touched,  or  J 
along  the  tnu^k  of  the  needle,  while  tliat  of  the  typhoid  J 
bacillus  spn.'ailH  as  a  delicate  cloud  for  some  distance  | 
beyond.     The  niediiini  ret^ommciided  by  Stoddart  for  | 
tlic  tost  is  a  mixture  of  equal  parts  of  ordiimry  meat-  J 
infusion — (leptonc-agar-agar  (1  per  cent,  agar-agar)  and  1 
meat^infusion-pcptone-gelatin    (10   per   t^nt.   gelatin),  j 
In  this  mixture  the  ppoj»ortion  of  agar-agar  present  is, 
obviously,  O.o  per  cent.,  and  that  of  the  gelatin  5  per  j 
cent.    These  amounts  are  aulBeient  to  keep  it  just  about  . 
solid  when  ex])osi'd  to  3-5°  C, 

A  limited  experience  with  the  method  leads  us  to  1 
regard  it  a«  a  useful  addition  to  our  means  for  the  iso- 
lation and  identification  of  the  typhoid  and  typhoid-like  j 
bacilli.     It  is  not  infallible  in  it«  indications. 

It  is  employed  iu  two  ways — for  plat<?«  and  for  tabtf-l 
cultures,  though  tlie  former  is  perhaps  the  more  useful.  § 
Here  the  liquefied  culture  mixture  is  pcnired  into  a  ster-l 
ile  Petri  dish  and  allowed  to  f;elatinizo ;  after  which  itJ 
is  iaoculated  iit  a  i'injrle  p«)int,  or  at  several  pointa,  with  J 
the  pure  culture,  or  with  the  niixturi'  of  organisms  to  J 
be  tested,  and  placed  at  35°  C.  The  eharueteristics  of  | 
the  gro^vtliB  of  the  t}-phoid  and  of  the  colon  Imctllaa  ] 
are  given  above.' 

Htt^H  vieOuxi.    A  short  time  subset] ueiit  to  SliMldart's 
publication  Hiss  called  attention  to  a  similar  a])plicatioii 

'  For  flirtlii^r  details.  Mw  Stoddkrt:  Journal  at  Pathology  mdiI  Ds?- 
l«Tiulc>gy,  1S»7,  \tA.  iv.  p.  429. 
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of  a  technical  procedure,  which  in  principle,  with  some 
important  additions,  is  almost  identical  with  that  of 
Stoddart.  In  this  metliod  also  advantage  is  taken  of 
the  fact  that  in  semi-solid  nutrient  media  the  greater 
motility  of  the  typhoid  bacillus  enables  it  to  diffuse  more 
readily  through  the  medium  than  can  the  less  active 
colon  bacillus.  The  endeavor  of  Hiss  was  to  discover 
a  method  whereby  this  peculiarity  would  be  favored, 
or  at  least  not  checked,  in  the  typhoid,  and  more  or 
less  suppressed  in  the  colon  bacillus.  A  series  of  experi- 
ments demonstrated  that  if  peptone  be  omitted  and  glu- 
cose be  added  to  the  semi-solid  medium,  the  absence  of 
the  former  important  nutritive  substance  and  the  excess 
of  acidity  resulting  from  the  fermentation  of  the  latter 
had  only  slight  effect  upon  the  characteristic  develop- 
ment of  the  typhoid  bacillus  (a  diffuse  clouding  of  the 
medium),  while  the  influence  upon  the  growth  of  the 
colon  bacilli  was  to  prevent,  in  many  cases,  their  ten- 
dency to  cloud  the  medium  by  shar|)ly  restricting  their 
growth  to  the  jwint  at  which  they  were  deposited.* 
The  composition  of  the  medium  used  is : 

Agar-agar 5  grammes. 

Gelatin 80 

Liebig's  beef-extract 5        " 

Sodium  chloride 5        ** 

Glucose 5-10 

Water 1000  c.c 

The  gelatin  should  be  added  after  the  agar-agar  and 
other  ingredients  are  dissolved  ;  the  volume  of  the  mass 
is  then  brought  to  1000  c.c,  and  finally  the  reaction  is 
corrected.  This  should  be  equivalent  to  a  degree  of 
acidity  that  would  require  15  c.c.  of  a  normal  sodium 

*  Hiss :  Journal  of  Experimental  Medicine,  1897,  vol.  ii.  No.  6,  p.  677, 
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Iiv>lri>xi<k>  «)liitluii  to  tlic  litn?  U>  lirin^  It  li>  tlic  piK-noI- 
plilult'iii  iioutml  [H>iiil. 

WlifU  pkiitwl  as  stab-cultures  iu  this  medium  and 
kt'pl  lit  body-t^^mperatun;  the  growth  of  h-inlliu  typho- 
MiiK  iip]>ear8  simply  as  it  diffuse  cloud,  witli  little  or  no 
tt'iidi'iiey  to  appear  more  coneentrated  aloug  tlie  track  of 
tlif  net-die;  while  the  development  of  the  colon  bacillua 
16  confined  to  the  neighl>orhoo<l  of  thu  necillc-tnick,  isi 
moderately  dense,  is  actwnipanieil  by  the  formation  of 
gaa-bubblcs,  and  tlie  Burrounding  gelatin  is  more  or 
less  clear. 

These  distinctions  were  found  by  Hiss  to  l»e  much 
more  marked  with  the  slowly  or  feebly  motile  speoi-. 
mens  of  the  colon  bacillim  than  when  the  actively  motile 
varieties  were  used.  Many  of  these  latter,  except  foe- 
tlieir  [»wer  to  ferment  glucose  witli  liheration  of 
were  almost  indistinguishable  from  the  typhoid  bacilluSi| 
in  80  far  as  their  power  to  wander  through  and  cloud: 
the  medium  was  concerned.  For  the  iwjlation  and  dif- 
ferentiation of  colonics  of  the  two  otpinisms  by  the 
plate  method  the  following  medium  was  employed ; 

Agar-ngir     .....  .10  cfiimtno*. 

(lolatin .    .    .     -S^        ■■ 

LlobiB'*  becf-cMract     ... 

Hudluiu  ohluriile    ....  :>        " 


Thfi  niiction  of  thiw  uieilinm  is  equivalent  to  2  )>er  cent, 
ul"  iiurmal  odd  Ui  the  litre — »,  c,  an  acidity  that  would 
rei|i)ini  J30  o.p.  of  normal  sodium  hydroxide  M>lution  to 
|.ln!  litru  to  brinji  it  to  the  phenol phtalein  neutral  p<)int. 
Ill  pliilei*  lliadi-  I'liMU  iWin  medium  the  deep  colonies  of 
»  ti/fihivtu*  un>  Hnial),  more  or  leiia  Epherieal,  and 


ISOLATING  THE  TYPHOID  BACILLUS.        429 

have  a  rough,  irregular  outline.  Their  most  character- 
istic feature  "  consists  of  well-defined,  filamentous  out- 
growths, ranging  from  a  single  thread  to  a  complete 
fringe  around  the  colony.  The  young  colonies  are  at 
times  composed  solely  of  threads."  The  fringing 
threads  grow  almost  straight  out  from  the  colonies. 
The  surface  colonies  are  small  and  have  usually  a 
dense  centre  that  is  surrounded  by  an  almost  trans- 
l)arcnt  zone  or  by  a  fringe  of  threads  somewhat  similar 
to  those  seen  about  the  deeper  colonies. 

The  deep  colonies  of  the  colon  bacillus  are,  as  a  rule, 
larger,  denser,  of  an  oval  or  lens-shape,  and  are  more 
sharply  circumscribed  than  those  of  bdciUus  typhosus. 
On  the  surface  they  are  also  larger,  and,  as  a  rule, 
spread  out  as  a  moderately  thick  layer  from  a  denser 
centre.  The  younger  the  colonies  of  the  typhoid  bacil- 
lus the  more  characteristic  their  appearance.  They  are 
seen  at  their  best  after  from  16  to  18  hours'  growth  at 
37.5°  C.^ 

Method  of  Capaldi  and  Proslcauer?  As  a  result  of 
an  elaborate  series  of  experiments,  these  authors  recom- 
mend the  use  of  two  special  culture-media  for  the  dif- 
ferentiation of  the  typhoid  and  colon  bacilli. 

Medium  No.  1  consists  of: 

Asi^aragine 0.2   per  cent  in  distilled  water. 

Mannite 0.2  '*  " 

Sodium  chloride 0.02  "  " 

Magnesium  sulphate    ....  0.01  "  " 

Calcium  chloride 0.02  "  " 

Mono-potassium  phosphate    .  0.2  "  " 

*  The  reader  is  referred  to  the  original  article  for  many  important 
details  that  are  not  included  here. 

^  Capaldi  and  Proskauer :  Zoitschrift  fiir  Hygiene  und  Infektions- 
krankheiten,  189G,  Band  xxiii.  S.  452. 
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Medium  No.  2  oonsifits  nf : 

Willf'a  peptonu a.O  per  at 


I 


llotli  media  art'  to  be  sterilized,  the  peactioii  broiightJ 
to  the  litnuis  neutral  poiut  with  cuuBtic  potash  solu-^ 
tJoii,  nnd  etiouj^h  Ittnuis  tiuctiire  then  added  to  tliem  toJ 
eause  a  distinct,  thuugh  not  ton  int«.'nse,  piirj)Io  coInr.J 
AfU'r  this  they  are  to  be  again  sterilized,  when  thcy4 
nn-  ready  for  use. 

AfWr  20  hours  at  37"-38°C.  typical   colon  bacilli  j 
and  the  varieties  of  this  oi^nisn)  develop  in  both  eola- 
tions, bnt  i)niduee  ari<J  only  in  medium  No.  J. 

The  typhoid  bacillus  grows  onlif  in  medium  No. 
and  its  growtli  is  accompanied  by  the   production  ot'% 
an  acid  reaction. 

The  growth  of  bacilUie  coli  in  medium  No.  2  is  a 
i-ompnnicd  by  a  slight  afktiline  reaction. 

The  alterations  in  reaction  arc  indiriited  by  thccor-J 
responding  changes  in  the  color  of  the  litmus  tjnctoi 
in  the  mcilia. 

It  is  interesting  to  note  that  in  this  test  the  t 
rHMMions  prixhiced  by  these  organisms  in  iM'jrtone  medijl 
cuntuining  the  ordinary  fermentable  carbohydrates,  su 
»■  uhiciinc  and  lactow?,  are  reversed. 

Tlie  aulhorH  state  that  this  method  has  thus  far  shoi 
ilai'lf  til  lie  infallible  for  the  difTerentintion  of  ctUturc 
nf  typhoid  inid  colon  bacilli  obtained  by  them  I 
vvury  uvullulilo  Moiiree. 

Uiltltur'  nitiinincrid^  the  use  of  neutral  red  as  a  dif-l 

ff^vuliul  U")!.     He  employs  it  in  the  pro]H)rtion  of  0.5  ' 

bi  l.l>  O.V.  iif  n  (Miliinitcd  wiitory  solution  to  10  cc.  of 

uliWicut  a^iar-Hyiir.     The  rtilncing  action  of  the  colon 

■UuHlur;  Tli»  Lauupi,  MulIi  :i.  IIUI. 
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bacillus  causes  the  color  to  become  yellow,  while  the 
normal  red  color  is  not  affected  by  the  typhoid  bacillus. 

The  spleen  of  a  patient  dead  of  typhoid  fever  is  the 
most  reliable  source  from  which  to  obtain  cultures  of 
the  typhoid  bacillus  for  study.  But  it  must  always  be 
remembered  that  the  same  channels  through  which  the 
typhoid  bacillus  gains  access  to  this  viscus  are  like- 
wise open  to  other  organisms  present  in  the  inti»stines, 
and  for  this  reason  bacterium  coli  communf,  a  normal 
inhabitant  of  the  colon,  may  also  be  found  in  this 
locality. 

Note. — Obtain  a  pure  culture  of  typhoid  bacilli,  and 
from  this  make  inoculations  upon  a  series  of  iK>tutoi's 
of  different  ages  and  from  different  sources.  Do  they 
all  grow  alike  ? 

Before  sterilizing  render  another  lot  of  potatoes  slightly 
acid  with  a  few  drops  of  very  dilute  acetic  acid ;  render 
others  very  slightly  alkaline  with  dilute  caustic  soda. 
Are  any  differences  in  the  growths  noticeable  ? 

Make  a  series  of  twelve  tubes  of  jicptone  solution  to 
which  rosolic  acid  has  been  adde<l.  Inoculate  them  all 
with  as  nearly  the  same  amount  of  material  as  possible 
(one  loopful  from  a  bouillon  culture  into  each  tube) ; 
place  them  all  in  the  incubator.  Is  the  color-change, 
as  compared  with  that  of  the  control-tube,  the  same  in 
all  cases. 

Compare  the  moq)hology  of  cultures  of  the  same  age 
on  gelatin,  agar-agar,  and  jwtato. 

Select  a  culture  in  which  the  vacuolations  are  quite 
marked.  Examine  this  culture?  unstained.  Do  the 
organisms   look   as   if  they   contained   spores?     How 
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wiiiild  _v"u  demrmstnite  that  the  vacuoliitioiis  are  t 
B^iores?     Wliat  is  ilie  crucial  test  for  spores? 

Obtain  from  normal  feces  a  pure  culture  of  tlie  coBOJ 
tuonest  oi^nistn  present.     Write  a  full  description  ( 
it,     Now  make  parallel  culttires  of  tiiin  OT^aism  : 
of  the  typhoid  Iwdtliison  all  the  different  media? 
do  thoy  differ?     In  what  respects  are  they  similar? 
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C*.IU)N  BACILLUS;  BACILLU8  NEAHJLITANUS  ( 
EMMERK'II. 

This  organism  was  discovered  by  Eschcrich,  in  18! 
in  the  intestinal  discharges  of  milk-fed  infants, 
since  been  demonstrated  to  be  a  normal  inhabitant  of 
intestines  of  man  and  of  certain  domestic  anim 
(bovines,  hogs,  dogs). 

For  a  time  aft«r  its  discovery  it  waa  considered  a 
but  little  importance  and  attracted  attention  only  I 
cause  of  its  resemblance,  in  certain  respects,  to  the  l 
Ins  of  typhoid  fever,  with  which  it  was  occasioi 
confounded.      In  this  particular   it  still  serves  i 
subject  for  study.     Some  have  even  gone  so  far  I 
regard  them  aa  but   varieties   of  one   and  the   i 
species,  though  in  the  present  stutc  of  our  knowlfl 
tliifl    is  an   assumption   for   wliich   as    yet   there 
not  sufficient  grounds.     That  they  possess  in  oomm 
certain  general  pi>int«  of  resemblance   and   often  i 
proach  one  anotlier  in  some  of  their  biological  pocal 
ities  is  true;  but,  as  we  sliull  learn,  they  each  ] 
peculiarities  which,  when  considered  together, 
their  differentiation  from  one  another  a  matter  of  i 
little  difticultv. 
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With  the  wider  application  of  baetcTiologieal  methods 
to  the  study  of  {mthological  processes  it  was  <K»casioiially 
observed  tliat,  under  favorable  circumstances,  bdcilhut 
coli  communis  disseminated  from  its  normal  habitat 
and  apjKjared  in  remote  organs,  often  associated  wito 
diseascnl  conditions.  This  was  at  first  considered 
of^  but  little  importance*,  and  its  presence  in  these 
localities  was  asually  regarded  as  accidental.  Its 
repeated  api)earance,  however,  in  different  parts  of 
the  body  outside  of  the  intestines,  and  the  frequency 
of  its  association  with  i)athological  conditions,  ultimately 
attracted  attention  to  it,  and  in  consequence  during  the 
I>ast  few  years  a  great  deal  has  been  written  concerning 
the  possible  jmthogenic  nature  of  this  organism. 

The  fact  that  it  is  a  commensal  sjKicies,  always  inti- 
mately assoc^iated  with  certain  of  our  life-processes, 
together  with  the  fact  that  it  is  known  to  appear  in 
organs  other  than  that  in  which  it  is  nornuilly  located, 
and  tliat  its  occurrence  in  diseased  conditions  is  not 
rare,  justifies  the  opinion  that  it  is  one  of  the  most 
important  of  the  micro-organisms  with  which  we  have 
to  deal. 

While  not  generally  considered  a  pathogenic  organ- 
ism, there  is,  nevertheless,  sufficient  evidence  to  war- 
rant the  statement  that  under  favorable  (auditions  of 
reduced  vitality  on  the  jmrt  of  the  animal  tissues,  this 
organism  may  assume  pathogenic  properties,  so  that  its 
presence  in  diseased  conditions  is  not  always  to  l)e  con- 
sidered as  accidental,  though  this  is  frecpiently  the  case. 

The  morphological  and  cultural  peculiarities  of  bac- 
terium  coli  commune  are  as  follows  : 

Morphology. — In  shape  it  is  a  nxl  with  rounded 
ends,  sometimes  so  short  as  to  appear  almost  spherical, 

28 
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wiiiie  uguin   it  is  seen  as  very  niiicli  longer 

()f\«n  lM>tii  fwrms  are  aHSuciatcHl  iu  tiie 

It  may  occur  aa  single  cellsj  or  as  pairs  joined  end  to 

end. 

It  has  no  peculiar  morpholt^cal  features  that  can 
aid   in   its  ideiitltication,   for  in   this   respect  it  simu- 
lates many  other  orgiininms.     It  i.s  usually  said  tii  ,be 
motile,  and  undoubtedly  is  motile  ia  the  tnajority 
cases ;  but  its  movements  are  at  time  so  sluggish  tli 
lK)sitivc  opinion  is  often  difficult. 

By  Loffler's  method  of  staining,  flagella  can   li 
monHtmted,  though  usually  not  in  such  numbers  as  are 
seen  to  (x^cnr  on  the  typhoid  fever  baeillus. 

It  does  not  ibmi  spores. 

It  grows  both  with  and  without  free  oxygen. 

On  Gel.\tin. — On  the  surface  its  colonies  appear  aa 
small,  dry,  irregular,  flat,  blue-white  iwtints  that  are 
commonly  somewhat  deutated  or  notched  at  the  margin. 
They  are  a  trifle  denser  at  the  centre  than  at  the 
periphery,  and  are  often  marke<l  at  or  near  tlie  middle 
by  an  oval  or  round  nueleiis-like  mass — tlie  original 
colony  fnim  which  the  layer  on  tlie  surface  develojwd. 
When  located  in  the  depths  of  the  gelatin,  and  ex- 
amined with  a  low-]iower  lens,  they  are  at  first  seen  to 
he  finely  granular  and  of  a  very  pale  greenish-yellow 
color ;  later  they  become  denser,  darl%er,  and  much 
more  markeilly  grniuilnr;  iu  sha[»e  they  are  round, 
oval,  and  lozenge-like.  When  the  surface  colonies  am 
viewed  under  a  low  power  of  the  micn»«ope  rliev  pre- 
sent I'sseultully  the  same  appeiintncc  as  that  given  fiir 
the  colonies  of  the  haeillas  nf  typhoid  fever,  viz.,  they 
resemble  flttttciic<l  pellicles  of  glatw-wool,  or  iiatchcs  of 
finely  ground  colurleee  glass.     Culoiiies  of  this  organ- 
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ism  on  gelatin  arc  frequently  encountere<l  that  cannot 
be  distinguished  from  those  resulting  from  the  growth 
of  bacilluH  typhosus  ;  although,  as  a  nile,  their  growth  is 
a  little  more  luxuriant. 

In  stab-  and  smear-cultures  on  gelatin  the  surface- 
growth  is  flat,  dry,  and  blue- white  or  pearl  color. 
Limited  growth  occurs  along  the  track  of  the  needle  in 
the  depths  of  the  gelatin.  As  the  culture  becomes 
older  the  gelatin  round  about  the  surface-growth  may 
gradually  lose  its  transparency  and  become  cloudy, 
often  quite  opaque.  In  still  older  cultures  small  root- 
or  branch-like  projections  from  the  surface-growth  into 
tlie  gelatin  are  sometimes  seen.  At  times  these  may  be 
of  a  distinctly  crystalline  appciirauce. 

It  does  not  cause  liquefaction  of  gelatin. 

Its  growth  on  nutrient  agar-agjir  and  on  blood- serum 
is  luxuriant,  but  not  characteristic. 

In  bouillon  it  causes  diffuse  clouding  with  sedimen- 
tation. In  some  bouillon  cultures  an  attempt  at  pel- 
licle-formation on  the  surface  may  be  seen,  but  this  is  ex- 
ceptional. In  old  bouilloin  cultures  the  reaction  becomes 
alkaline  and  a  decided  fiecal  odor  may  be  detected. 

Its  growth  on  potato  is  rapid  and  voluminous,  ap- 
pearing after  twenty-four  to  thirty-six  hours  in  the 
incubator  as  a  more  or  less  lobulated  layer  of  a  drab, 
dark-cream,  or  brownish-yellow  color. 

In  neutral  milk  containing  a  little  litmus  tincture 
the  blue  color  is  changed  to  red  after  from  eighteen  to 
twenty-four  hours  in  the  incubator,  and,  in  addition, 
the  majority  of  cultures  cause  firm  coagulation  of  the 
casein  in  about  thirty-six  hours,  though  frefpiently  this 
takes  longer.  Very  rarely  the  litmus  may  indicate  the 
production  of  acid  and  no  coagulation  occur. 
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In  media  containing  glucose  it  grows  rapidly  anil 
causes  active  fermentation,  with  liberation  of  ratrbonir 
acid  and  hydrogon.  It'  cultivated  in  soliJ  nxxlia  to 
which  glucose  (2  per  cent.)  lias  been  adde<l,  the  gns- 
fiirmatioD  is  recogiiizeil  by  the  appcaranee  of  numcniiis 
bubbles  along  and  alxiiit  the  points  of  gnjwtli.  If  (■«!- 
tivated  in  fluid  uieilia,  also  containing  gluuuse,  iu  the 
fermentation-tube,  evideuce  of  lermcutafion  is  given  b 
the  collection  of  gas  iu  the  closed  arm  of  the  tube. 

On  lactosc-litnius-agar-iigar  itH  colonies  are  piuk  a 
tlie  color  of  the  surrounding  uKHlinni  is  clianged  fro 
blue  tu  red. 

It  piitduces  iudot  in  botli  bouillon  and  [H'ptim 
tion. 

Iu  Dunham's  peptone  solution  it  pnHluees  in<lul  i 
from  forlj-eiglit  to  seventy-two  houiv. 

It  stains  with  the  ordinary  aniline  dyes.     It  is  d 
orized  when  treutt'd  by  tlie  method  of  Oram. 

By  wim]taring  wluit  has  bwn  said  of  baviUua  (j 
ens  aud  of  bfuia-iuvi  voli  cvnimune  it  will  be  seen 
while  tliey  simulate  each  other  in  certain  res{)ccls,  fi 
nevertheless  possess  individual  chara<-teristicfl  by  whj 
they  may  readily  be  differentiat«Hl.     The  least  i 
of  the  differential  jioint.s  are: 

1.  Motility  of  IxK-illiis  lij{ihom*  iis  much  more  < 
spicuous,  as  a  rule,  tluui  is  that  uf  lnii-t,niiiit  roll  c 


2.  Od  gelatin,  eidonies  of  the  ty|ihold  baeillus  ( 
velop  more  slowly  than  do  th»we  of  the  colon  bacilli^ 

3.  On  potato,  the  growth  of  the  typhoid  bacillu! 
u&ually  invisible  (though  not  always) ;  while  tliat  of  t1 
colon  baeillns  is  rapid,  luxuriant,  aud  ulwiiys  visilile. 

4.  The  typhoid  bacillus  docs  not  cause  coagulation  q 
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milk  with  acid  reaction      The  colon  bacillus  does  tliis 
in  from  thirty-six  to  fo'  y-eight  hours  in  the  incubator. 

5.  The  typhoid  ba(  lus  never  causes  fermentation, 
with  liberation  of  gas,  n  media  containing  glucose,  lac- 
torse,  or  saccharose.  Tlie  colon  bacillus  is  conspicuous 
for  its  power  of  causing  gaseous  fermentation  in  such 
solutions. 

6.  In  nutrient  agar-agar  or  gelatin  containing  lactose 
and  litmus  tincture,  and  of  a  slightly  alkaline  reaction, 
the  color  of  the  colonies  of  typhoid  bacillus  is  jmle  blue, 
and  there  is  no  reddening  of  the  surrounding  medium ; 
while  colonies  of  the  colon  bacillus  are  pink  and  the 
medium  round  about  them  becomes  red. 

7.  The  typhoid  bacillus  does  not,  cm  a  rule,  possess  the 
property  of  producing  indol  in  solutions  of  peptone;  the 
growth  of  the  colon  bacillus  in  these  solutions  is  accom- 
panied by  the  prcxluction  of  indol  in  from  forty-eight 
to  seventv-two  hours  at  37°  to  38'' C. 

Animal  Inoc^ulations. — As  with  the  bacillus  of 
typhoid  fever,  the  results  of  inoculation  of  animals  with 
cultures  of  this  organism  cannot  be  safely  predicted. 
According  to  the  observations  of  Eschcrich,  Emmerich, 
Weisser,  and  others,  the  effects  tliat  do  appear  are  in 
most  instances  to  be  attributed  to  the  toxic  rather  than 
to  the  infective  proi)erties  of  the  culture  used. 

When  introduced  into  the  subcutaneous  tissues  of 
mice  it  has  no  effect,  w^hilc  similar  inoculations  of  guinea- 
pigs  are  sometimes  (not  always)  followed  by  abscess- 
formation  at  the  point  of  operation,  or  by  alterations  very 
similar  to  those  pnuluced  by  intravascular  inoculation, 
viz.,  death  in  less  than  twenty-four  hours,  accomj>anied 
by  redness  of  the  peritoneum  and  marked  hypersemia 
and  ecchymoses  of  the   small  intestine,  together  with 


niiiy  remain  unc-hanged  op  pifseiil  i'iiliir}r<.>d  tiillioles. 
There  may  or  may  not  be  an  aoonnuilution  df  HiihI  hi 
the  alKlominal  cavity  ;  but  [writonitis  ia  raa-Iy  prt-seal. 
The  small  intfstino  may  contain  bloody  miiciiu. 

Inlniveiious  Inociilatiou  of  nibbits  may  Ik>  followed 
by  similar  changt-s,  with  often  tlie  oorurrentre  of  diar- 
rhica  before  death,  whivli  may,  in  the  acute  cases,  result 
in  from  thref  tu  Ibrty  hours.  In  another  group  of 
imAW  a<'nte  tUtiil  intoxication  dout)  nut  nisult,  and  the 
animal  lives  for  weeks  or  months,  dying  nltimittvly  vf 
wliat  appears  tu  Ix'  the  effretii  of  a  alow  or  olinmic  form 
of  infection.  For  a  few  hours  after  iuoenlation  these 
animals  present  no  marked  symptomH;  exceptionally, 
Huiniiolence  and  diarrhoea  have  been  obscrveil  at  this 
jHTiod,  indicating  acute  intuxieution  irom  whiuh 
animal  has  reiwvercd.  The  affection  is  nnattendod  I 
fever.  The  most  markeil  symptom  is  loss  of  weigi 
This  is  nsuuUy  progressive  from  the  Wrat  or  second  <i 
afVer  inoculation,  with  slight  ilnctnatiuns  imtil  death. 

At  aiit^^ipsy  the  animal    is  found  to  he   emaciate 
The  subcutaneous  tissues  and  tlie  ranwdes  appear  ] 
and  dry.     The  semtis  cavities,  particularly  the  peridi 
dial,  may  contain  an  excess  of  scrum.     Tlic  viscer 
aniemic.     The  spleen  is  small,  thin,  and   pale, 
ocptioiinlly  ulcers  and  ecchymoses  are  observed  in  1 
cuKiiini,  hut  genendly  there  are  no  lesions  of  the  id 
tinnl  tract. 

The  mfist  striking  and  constant  lesions,  those  i 
ohapaRteristic  of  the  affection,  are  in  the  liile  and  in  t 
liver ;  in  Bt>me  cuses  the  quantity  of  bile  n 
the  normal,  but  in  others  the  gidl-bladdcr  may  he  t. 
normally  distended  with  bile.     Tlie  bile  is  nearly  o 
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less  or  has  a  pale  yellowish  or  brownish  tint,  with  little 
or  no  greenish  color.  Its  consistence  is  much  less 
viscid  than  normal,  being  often  thin  and  watery.  It 
usually  contains  small,  opaque,  yellowish  particles  or 
clumps  which  can  be  seen  floating  in  it,  even  through  the 
walls  of  the  gall-bladder.  These  clumps  consist  micro- 
scopically of  bile-stained,  apparently  necrotics,  epithelial 
cells ;  leucocytes  in  small  numbers ;  amorphous  masses 
of  bile-pigment,  and  bacteria  often  in  zooglcea-like 
clumps.  Similar  material  is  found  in  the  larger  bile- 
ducts. 

The  liver  frequently  contains  opaque,  w^hitish  or  yel- 
lowish-white spots  and  streaks  of  irregular  size  and 
shape,  which  give  a  petiuliar  mottling  to  the  organ  when 
present  in  large  number.  These  areas  may  be  numer- 
ous, or  only  one  or  two  may  be  found.  In  size  they 
range  from  minute  points  to  areas  of  from  2  to  t\  cm.  in 
extent.  By  microscopic  examination  they  are  found  to 
repix^sent  localities  where  the  liver-cells  have  undergone 
necrosis  accompanied  by  emigration  of  leucocytes,  and 
the  cells  about  them  are  in  a  condition  of  fatty  degenera- 
tion. In  sections  of  the  liver  masses  of  the  bacilli  may 
be  discovered  in  and  about  the  necrotic  foci  just  de- 
scribed. 

At  these  autopsies  the  colon  bacillus  is  not  found 
generally  distributed  through  the  body,  but  is  only  to 
be  detected  in  the  bile,  liver,  and  occasionally  in  the 
spleen.^ 

*  CoDgult  paper  by  Blachstein  on  tliis  subject,  Johns  Hopkins  Hos- 
pital Bulletin,  1891,  vol.  ii.,  p.  96. 
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BACILLUS    DYKKNTEHLE. 

Annther  important  member  ot"  ihi'  tj^phoid-coloi 
group  of  bacilli  is  the  s«.i-Killf(l  bufillun  dy»i,nterice. 
eliould  not  ba  iiireired  from  thi^  dcwigimtioii  that  thel 
h  kiiuwo  or  thought  to  lie  a  specific  bacilttis  accounts 
for  all  the  various  climwil  and  pathological  mauifesta 
tions  to  which  the  name  d>scut«ry  is  given.  The  i 
of  the  term  "  bacillus  dyseutcriic  "  is  at  present  nstricte 
to  ati  organism  that  ife  found  with  such  regularity  ii 
as60ciation  witli  a  certain  type  of  the  malady  that  it  c 
reasonably  be  regarded  as  etiologically  related  to  it. 

The  evidenoe  presented  by  Shiga,  who  discovered  thid 
organism  in  1898  in  Japan,  and  the  subswiueiit  obser^* 
tions  of  Fiexner  uiwii  dysentery  in  the  Philippine  J 
lands,  leaves  little  room  for  doubt  that,  in  so  far  as  acut^ 
epidemic  dysentery  is  concerned,  the  oi^nism  undq 
«)nsidenitinn  may  reasonably  be  regarded  as  the  caun 
live  factor.     By  both  Shiga  and  Fiexner  the  organisi 
was  almost  uniformly  eneouuteretl  in  the  intestinal  c 
tents,  the  intestinal  walls,  and  the  mesenteric  gla 
during  the  acute  stages  of  the  disease,      I^ater  it  i 
frequently  missed,  and  this  became  more  common  as  H 
maliuly  progressed  to  ehronicity  or  recovery. 

It  is  a  bacillus  of  medium  siite,  with  rounded  eiH 
In  general  its  morpholi^y  may  properly  be  Itkeoed  i 
that  of  either  the  ty|)hoid  or  colon  bacillus. 

It  in  uiolile  and  does  not  form  spores. 

It  can  be  stained  with  any  of  the  ordinary  aniliiM 
dye».     It  is  decolorized  by  the  method  of  Gram,     t^ 
may  Im?  cultivated  on  all  the  ordinary  media.     It  )> 
at  room-tempemture.  but  better  at  the  tenip«rature  of  I 
the  Ixxiy.     It  does  not  liquefy  gelatin. 
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The  colonies  upon  agar-agjir  present  nothing  charac- 
teristic ;  those  on  gelatin  are  at  first — /.  e,,  just  after  iso- 
lation from  the  body — like  those  of  bacillus  typhosus ; 
later  on,  after  the  organism  has  been  kept  imder  condi- 
tions of  continuous  saprophytic  growth,  the  colonies  may 
be  thicker,  denser,  moister,  and  less  translucent,  but 
always  suggesting  the  peculiar,  leaf-like  contour  char- 
acteristic of  the  colonics  of  the  colon-typhoid  group 
under  similar  conditions.  In  gelatin  stab-cultures  there 
is  growth  along  the  tnick  made  by  the  needle,  and  little 
tendency  to  lateral  development  over  the  surface. 

On  potato,  its  growth  may  be  so  limited  as  to  be 
scarcely  visible,  or  it  may  appear  as  a  moderately  volu- 
minous grayish-brown  or  light-brown  layer  along  the 
tnick  made  by  the  needle,  and  spreading  laterally  be- 
yond this.  Between  these  extremes  all  gradations  may 
be  seen  according  t^)  the  suitability  of  the  potato  used. 

In  bouillon  it  causes  uniform  clouding  and  a  more  or 
less  dense  sediment.     It  does  not  form  a  pellicle. 

(irowth  on  blood-serum  is  not  accompanied  by  lique- 
faction (digestion). 

Glycerin  agar-agar  appears  less  suited  to  its  growth 
than  plain  nutrient  agar-agar. 

It  does  not  ferment  either  glucose,  saccharose,  or  lac- 
tose, with  liberation  of  gas ;  although  in  glucose  media 
there  is  a  slight  increase  of  acidity. 

When  grown  in  litmus-milk,  the  latter  after  twenty- 
four  to  seventy-two  hours  at  l)ody-temperature  })ecome8 
a  pale  lilac.  I^ater  on — /.  e.,  after  six  to  eight  days — 
there  is  a  development  of  alkali,  and  the  lilac  tint  gives 
way  to  a  deep,  distinct  blue  a)lor.  Coagulation  is  never 
observed. 

It  is  either  incapable  of  producing  indol^  or  has  this 
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faculty  tn 
doubt  fill. 

When  mixwl  witli  blood-scriim  of  imliviiliiak  differ- 
ing from  tills  form  of  (IvHuntery  a  |H»siti\e  ugghitination 
reaction  is  often  obtained. 

It  is  pathogenic  liy  both  subcutanpous  and  intraperi- 
tonetil  inoculation  for  tlic  oniiniiry  laboratory  test-ani- 
mals— i.  e.,  mice,  guinea-pigs,  iind  rabbitc. 

When  injection  is  made  lienejith  the  pfcin,  death  results 
in  from  two  to  four  days,  awnrding  to  the  dose  and  vini- 
leuce  of  the  culture  uae<l. 

The  most  striking  lesion  la  that  ol)ser\'ed  at  and  ul>nnl 
the  «ite  of  inoculation.     Tliis  con^iists  of  oedema,  hem- 
orrhagic exudation,  and,  in  delayed  eawes,  more  or  h 
of  pus  formation.     The  subeutaueous  lymph-glands 
oflen  enlai^ed  and  re<ltlened,  and  a  semus  exudation 
freipicntly  encountered  in  the  great  senium  tavitjes, 
tlie  animals  mentioned,  the  rabbit  is  miwl  apt  to  siirvi^ 
the  siiWntaneous  inoenlation, 

When  injected  into  the  peritoneal  cavity,  death  takes 
place  in  from  a  few  hours  to  five  or  six  days,  aceoniing 
lo  dose  nod  virulence  of  the  culture  used. 

At  autopsy  the  superficial  lymph-glands  arc  enlarged 
and  reddened ;  the  peritoneum  contains  more  or  lew*  of 
turbid  fluid  and  small  masses  of  Icucocj-tes;  the  pleui 
and  pericardial  cavities  may  contain  dear  8md; 
splwn  is  swollen  ;  the  adrenals  and  kidneys  are  i 
gestedj  there  may  be  a  grayish  exudate  over  the  li' 
spleen,  and  intestineH,  the  bloodvetwels  are  injected; 
small  intestine  may  be  fillet!  with  semifluid  or  fluid 
ter;  there  may  be  eechymosis  of  the  intejitinal  mt 
and  Peyer's  ]iatcties  may  be  cnlargetl  and  reddened. 

The   distribution   of   the   bacilli   varies 
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there  is  a  general  invasiou  of  the  Ixxly  by  the  bacilli ; 
at  others  they  are  only  to  be  found  at  the  local  site  of 
inoculation.  Sometimes  they  can  be  detected  in  the 
intestinal  contents  after  both  subcutaneous  and  intra- 
peritoneal inoculation;  at  other  times  they  cannot. 

If  the  stomach  contents  be  neutralized  and  large  doses 
of  the  bacilli  be  administered  per  os,  death  may  occur. 
Under  these  conditions  the  small  intestine  is  hyi^ersemic 
and  contains  blood-stained  mucoid  matter,  from  which 
the  bacilli  may  usually  be  cultivated. 

If  cultures  be  fed  to  cats  after  administration  of 
croton  oil,  a  fatal  diarrhoea  may  ensue.  The  mucous 
membrane  of  the  large  intestine  is  injected,  its  surface 
covered  with  mucus,  and  its  contents  mucoid.  From  the 
latter  the  bacilli  may  be  recovered  in  culture. 

A  fatal  diarrhoea  may  follow  the  simple  feeding  of 
cultures  to  dogs.  This  occurs  in  somewhat  less  than 
six  days.  The  condition  of  the.  contents  and  walls  of 
the  large  intestine  is  essentially  similar  to  that  seen  in 
the  cat. 

In  view  of  the  fact  that  marked  evidences  of  intoxi- 
cation may  follow  upon  the  injection  of  suspensions  of 
dead  cultures  of  this  organism  (solid  cultures  killed  by 
exposure  to  60°  C),  it  is  probable  that  the  pathogen- 
icity of  this  organism  is  referable  to  the  poisonous  nature 
of  the  proteid  making  up  the  Ixxlies  of  the  bacilli,  rather 
than  to  a  soluble  intoxicant  secreted  or  manufactured  by 
them  in  the  course  of  their  growth. 

PROTEcrnvE  Inoculation. — By  the  repeated  inocu- 
lation of  animals  with  cultures  of  this  organism,  killed 
either  by  heat  or  by  chemicals,  it  has  been  found  {X)ssi- 
blc  to  protect  them  against  otherwise  fatal  doses  of  the 
living  virulent  organism.     When  treated  in  this  way, 
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the   guiLt  .supplicij  u  stTUDi  that  exhibits  uot  only 
agglutiDBting   [wwer  over  the  living  bacilli,  but  ; 
sesses  Iwlh  protective  aud  curative  properties  when  itt- 
jected  iuto  ullier  susceptible  animals. 

During  18[fli{-l899  Shiga'  omployeil  a  prot«ctiv< 
serum,  made  aller  tlie  furegoing  principles,  in  the  trt 
ment  of  dysentery  m  human  beings.  F»r  the  pcriot 
mentioned  lie  treated  261)  cases,  and  had  a  dHith-rat«  o 
9.fJ  per  cent,  j  while  for  MM  eases  oconrriug  at  the  sam 
time  and  in  the  same  locality,  but  not  so  Created,  t 
was  u  death-rate  of  34.7  per  cent.' 

Through  the  studies  of  Vedder  and  Duval 
observations  of  .Shiga,  of  Flexner,  and  of  Krnsc,  upc 
acute  dysentery  in  Japan,  iu  the  Philippine  Islands,  i 
Puerto  Rico,  and  in  Gormany,  are  foiintl  to  be  uppllJ 
cable  to  acute  dysenlery  occurring  in  Ibis  countr,M 
The  raicro-oi^nism  desciribed  by  Shiga  was  found  I 
Vetlder  and  Duval  in  22  cases  of  acute  dyBentei 
occurring  iu  Philadelphia,  Lancaster,  Pa.,  and  Nei 
Haven,  Conn.;  those  in  I^annaftcr  and  in  New  HavM 
having  been  institutional  outbreaks  of  the  di.-*ea8e.* 

'  See  "  The  E|>iiluaik  Dysciilory  of  the  PHst  Twi'Dty  Votn  f o  Jftpa 
by  Stuart  ElilridKE,  M.  D.,  V.  S.  Marine-iluKplUI  Service,  PuVt 
Health  HqiortB,  WOO.  vol.  >v.  No.  1,  p|i.  1-11. 

'The  rorEKntng  skeWli  is  iHirnpiliid  rroni : 

Bhig»;    "Uebcrdrn    D.vsenU'Tic-bBvilloB    IBocIUub    OyaenteriM^ 
Omtralblatt  IHr  Bakterlologie  unil  Pum<iteDknni)L',  1»I8,  AbL  i. 
uiv.  Nos.  22,  23,  24. 

Flexner:  "Onihe  Etioliigyof  Tropital  Dysentery."  I'hiUdetpl 
Uedioil  JoiiniBl.  Sppt.  1,  IIWO, 

I  Joam&l  EipoTiiurntal  Unlicinc,  lUfti.  vul.  vi.  p.  ISl. 


CHAPTER    XXII. 

The  spirillum  (comma  bacillus)  of  Asiatic  cholera — Its  morphological 
aud  cultural  peculiarities— Pathogenic  properties — The  bacterio- 
logical diaguottis  of  Asiatic  cholera. 

At  the  conference  held  in  Berlin  in  1884  for  the  pur- 
pose of  discussing  Asiatic  cholera  from  the  sanitary 
aspect,  it  was  announced  by  Koch'  that  he  had  dis- 
covered in  the  intestinal  evacuations  of  individuals  suf- 
fering from  Asiatic  cholera  a  inicro-orgiinism  that  he 
believed  to  be  the  cause  of  the  malady.  The  importance 
of  this  stjitenient  necessarily  attracted  widespread  atten- 
tion to  the  subject,  and  as  on<»  of  the  consequences  there 
existe<l,  for  a  short  time  following,  some  skepticism  as 
txi  the  accMiracv  of  Koch's  claim.  These  doubts  arose  as 
a  result  of  a  seri(\s  of  contributions  fnim  other  observers, 
who  endeavoreil  to  prove  that  the  organism  found  by 
Koch  in  cholera  evacuations  was  common  to  other  l<x5al- 
ities,  and  was  not  a  specific  accompaniment  of  this  dis- 
ease. It  was  not  very  long,  however,  before  it  was 
evident  that  these  objections  were  based  uj)on  untnist- 
worthy  observations,  and  that  by  reliable  methods  of 
investigation  the  orgiuiism  to  which  he  had  called  atten- 
tion could  be  easily  differentia  ted  from  each  of  those 
with  which  it  was  claimed  to  be  identical. 

This  organism,  known  both  as  the  spirilhim  of  Asiatic 
cholera,   and,   because^   of  its   mor|)hology,  as   Koch's 

^  Vcrhandlungen  der  Conferenz  zur  Erorterung  der  Cholerafirage, 
1884,  Berlin. 
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"  coiuiiia  liafilliis,"  ia  identified  by  tlie  following  pecul 
aritiea : 


I 


BPrRILI.USI  CHtJI.ER.E   ASIATlCiE. 

MOBPHOUKJY. — It  is  a  sliglitly  curved  rod,  ranj 
from  about  O.H  tn  '2  /lia  length  and  from  0.3  to  0.4  f 
in  tliiukness — that  is  to  say,  it  is  usually  from  about  ont 
hali"  to  two-thirds  the  length  of  the  tubercle  bacillus, 
bnt   is  thicker  and  plunijwr.     Its  curve  is  frequently 
not  more  marked  than  that  of  a  comma,  and,  indeed,  it 
ia  iifWn  almost  straight;  at  times,  though,  the  curve 
niiieh  more  prououaecd,  and  may  even  deBcribe  a  sen 
cirtile.      Occasionally  the   curve   may  be   double,  oiu 
comma  joining  another,  with  tlieir  convexities  poiutii^ 
in  opposite  directions,  so  that  a  figure  similar  to 
letter  8  is  produced.     In  cultures  long  spiral  or  unda-3 
lating  tlireads  may  often  be  seen.     From  these  appear^ 
anceH  this  organism  cannot  I)e  con8idere<l  as  a  baoilius, 
but  rather  as  an  intermediate  type  between  t|ie  bacil 
and  the  spirilla.     Koeb  thinks  it  not  Improbable  ) 
the  short  comma  forms  represent   segments  of  a  tn 
epirillum,  the  nonnal  form  of  the  orguniBra,     (Fig.  76. 

It  does  not  form  spores,  and  we  have  no  reliable  e 
dence  that  it  possesses  the  property  of  entering,  at  b 
time,  a  stage  in  which  its  powers  of  resistance  to  d 
mental  agencies  are  increased. 

It   is  a  flagellated  organism,  but   has  only  s  e 
flagellum  attached  to  one  of  its  en<ls. 

It  is  actively  motile,  especially  in  the  comma  st^ad 
tbiingh  the  long  spiral  forms  also  possess  this  propertj'J 

GRot'i'INO. — As  found  in  the  slimy  flukes  in  the  intos-l 
tinal  disiliaip's  Inmi  cholera  patients,  Koch  likens  Itsl 
mode  of  grouping  to  that  seen  in  a  school  of  small  fish] 
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when  swimming  up  stream — i,  c,  (hey  all  point  in  nearly 
the  same  direction,  jind  lie  in  irregularly  parallel,  linear 


cholera.    ImprsBsion  & 


ei-allp  trtim  •  colony  thlrty- 


gronps  that  are  formed  by  one  comma  being  behind 
the  other  without  bcin^  attached  to  it. 


iDToluUon-funns  oriheiplrllluEDorilBlBtic  cholera,  aaieen  Id  old  culturea. 

On  cover-slip  preparations  made  from  cultures  in  the 
ordinary  way  there  is  nothing  characteristic  about  the 
grouping;  but  in  impression  cover-slips  made  from 
young  cultures  the  short  commas  will  nearly  always  be 
seen  in  small  groups  of  three  or  four,  lying  together  in 
such  a  way  as  to  have  their  long  axes  nearly  parallel  to 
one  another.     (See  Fig.  75.) 

In  old  cultures  In  wliicli  development  has  ceased  it 
undergoes  degenerative  changes,  and  the  characteristic 
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ipp(!ar,  «^^^| 
i-furms  ^^^^^ 


tft  WbA  efinA  shapes  may  entirely  disappctar,  ti 
phee  beii^  t>k«a  by  irrvgular  iovoliition-furms  I 
preaent  eveni"  vnrietj"  of  outline.     (See  Fig.  76.)     In 
this  stage  tbeA-  lake  aa  the  etain  vcn-  feebly,  aud  utVo 
not  at  alL 

CcLTCTLM-  Pbctuabities. — On  plates  of  nutrient 
gelatin  tltat  have  been  prepared  fiuni  a  pure  vultiiiv  of 
iliis  oigaaism  and  kept  at  a  teiiiperalure  of  from  2(1° 
to  22°  C,  development  can  often  be  observt-d  after  ns 
short  a  period  as  twelve  houns,  but  lTv«|uently  not  be- 
fore sixteen  to  eighteen  houi&  This  is  especially  true 
of  the  first  or  "original"  plate,  l^MltaiIliDg  the  largest 
number  of  eotonics.  At  this  time  the  plate  will  pre- 
sent to  the  naked  eye  an  apiwaranee  that  has  lieien 
likened  to  a  groimd^lass  siir&ec,  or  to  a  surface  that 
has  been  stippled  with  a  finely  pointed  iteetlle,  or  one 
upon  which  ver\-  line  ilast  has  l>eeD  sprinkled.  This 
appearance  is  due  to  the  presenee  of  minith^  colonies 
closely  packed  together  u|)on  the  surface  of  the  gelatin. 
In  the  depth  of  the  gelatin  can  also  be  B<*n  clot«ely 
packed,  small  points,  likewise  reprewnting  growing 
colonies.  As  growth  prepresses  liquefactiun  i>»:nrs 
around  the  su]>erScial  colonies,  and  In  eoiiset)tieni<e  this 
plate  is  usually  entirely  liquid  afU-r  from  twenty-four 
to  thirty  boats;  thedcvelopnienlul  phases  through  whieh 
the  colonies  pass  cannot,  therefore,  be  stiidictl  u|Hin  it. 

On  platcB  2  and  3,  where  Uie  eiiloiiies  are  more  widely 
separated,  they  can  in;  seen  af^er  twenty-four  to  thirty 
hour*  a»f  small,  n»md  or  oval,  white  or  cream-whito 
points,  and  when  located  r<ii]>erticially  a  narrow  trans- 
parent zone  of  li<]Uefnction  can  be  detected  amiind 
them.  Aa  growth  continues  this  liquefaction  extends 
downward  mtlier  than  laterally,  and  the  colony  ulti- 
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mutely  assumes  the  appearance  of  a  dense,  white  mass 
lying  at  the  bottom  of  a  sharply-cut  pit  or  fminel  con- 
taining transparent  fluid.  This  liquel'action  is  never 
very  widespread  nor  rapid,  and  rarely  extends  more 
than  one  millimetre  beyond  the  colony  proper.  On 
plates  containing  few  colonies  there  is  little  or  no 
tendency  for  tliem  to  become  contlueut,  and  they  rarely 
exceed  2  to  3  mm.  in  diameter. 


sf  colonlee  of  th 

aCP  to  22=  C.  on  ftclBtln,    X 

1.  An«i  Bliteen  to  eighteen  honni.    6.  An«r  tweotj-four  lo  twenly-eli 

hmirs.    I.  After  Ihlrty-eiffht  to  forty  hours.     A.  After  forljr-aight  I«  fifty 


When  examined  under  a  low  magnifying  lens  the  very 
young  colonies  (sixteen  to  eighteen  hours  old)  appear 
as  pale,  translucent,  granular  globules  of  a  very  delicate 
greenish  or  yellowish-green  color,  sharply  outlined,  and 
not  perfectly  round,  (See  a,  Fig.  77.)  As  growth  pro- 
gresses this  homogeneous  granular  appearance  is  re- 
placed by  an  irregular  lobulation,  and  ultimately  the 
sharply-cut  margin  of  the  colony  becomes  dcntatcd  or 
scalloped.  (See  b  and  c,  Fig.  77.)  After  forty-eight 
hours  (and  frequently  sooner)  liquefaction  of  the  gelalaii 
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has  taken  place  to  such  an  extent  that  tlie  appe:iraiii.-e 
of  the  colony  is  entirely  altered.  Under  a  Rtagiiilj> 
ing  glass  the  colony  proper  is  now  seen  to  be  nigged 
about  its  edges,  while  bere  and  there  sbi'etls  of  ihe 
colony  can  be  detected  scattered  through  the  liquid 
into  which  it  is  sinking.  These  shreds  evidently  re 
sent  portions  of  the  colony  that  became  detached  i' 
its  margin  as  it  gradually  sank  into  ttie  liquefied  ui 

At  d,  in  Fig.  77,  is  seen  a  representation  of  the 
several  appearances  afforded  by  the  colonics  at  this 
stage.  At  the  end  of  the  secoud,  or  during  the  early 
part  of  the  third  day,  the  sinking  of  the  colonies  into 
the  liiiuefied  pits  resulting  from  their  growth  in  about 
complete,  and  under  a.  low-power  lens  they  now  appear  as 
dense,  granular  masses,  surrounded  by  an  area  of  lique- 
faction through  which  can  be  seen  gnmular  pmloiiga- 
tions  of  the  colony,  usually  extending  irregularly  \te~ 
twwn  tlie  pcriphef)'  and  the  central  mass.  (See  r,  Fig. 
77.)  If  the  periplicry  be  examined,  it  will  be  seen  to 
be  fringed  with  delicate,  cilia-like  lines  that  radiate 
from  it  in  much  the  same  way  that  cilia  ia<1iate  from 
the  ends  of  tlie  columnar  epithelial  cells  lining  the  air- 


(tie 
;juid I 


These  are  the  more  marke<l  phases  through  which  the 
colonies  of  this  organism  jiass  in  their  development  on 
gelatin  plates.     In  some  cultures  tlie  various  phi 
here  given  pass  iu  succession  more  (juickly,  while  J 
cultures  from  other  sources  they  may  be  somewhat  I 
tarded. 

On  plates  of  nutrient  agar-agar  the  appearance  of  tl 
colonies  is  not  characteristic.     They  apix-ar  as  round  c 
oval  patches  of  gro\vth  that  are  moint  and  niixlcraten 
traii!rparent.     The  colonies  on  this  medium  ul  ^7' 


SPIRILLUM  CHOLEH^E  ASIATIC.E. 


451 


naturally  gruw  to  a   larger  t^izc  than  do  those  iipnti 
gelatin  at  22°  C, 

III  stab-Gulturcs  in  gi-latin  there  appears  at  the  top 
of  the  UL'cdle-track  af'tt^r  tliirty-six  U>  forty-^iglit  hoiirw 
at  22°  C.  a  small,  tiinnel-&hu|tccl  clepresBion.  A«  the 
growth  progresses  liquefaction  oecurti  about  thig  |)oiiit. 
in  the  centre  of  the  tlepre^ion   eau  l)c  distinguislied 


n 


\^ 


«^ 


Kj 


>f  the  iplrillum  of  AbIiUo  cholorii 


a  small,  dense,  whitish  clump,  the  colony  itself.  As 
growth  {tontimies  the  depresHion  increases  in  extent 
and  ultimately  assumes  an  appearance  that  consists  in 
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tlie  aitjiartnt  sinking  of  tlie  liqut-Kod  [Kution  in  su 
a  way  iis  Ut  leave  a  pereeptible  uiri^pui-e  between  1 
top  of  the  liquid  anJ  the  surfjice  of  tbe  solid  gclati 
The  growth  now  appears  to  be  capj)e<l  by  a  small  a 
bubble.  The  impresHion  given  by  il  at  tliie  stjige  is  not 
only  tliat  there  has  been  a  liquefaction,  litit  also  a  coin- 
cident evaporation  of  the  fluid  from  the  liquefied  area 
and  a  constriction  of  the  nuperfieial  opening  of  the  fun- 
nel. (See  a,  b,  c,  and  d,  Fig.  78.)  Liquefaction  is  not 
especially  active  along  the  deeper  i»ortions  of  the  track 
made  by  tbe  newlle,  thotigh  in  stab-cultures  in  gelatin  the 
liquefkction  is  much  more  extensive  than  tliat  usually 
seen  arotmd  colonics  on  plates.  It  spreads  laterally  at 
tbe  upper  portion,  and  afU'r  about  a  week  a  large  [ 
of  the  gelatin  in  the  tube  may  have  become  6uid,  i 
the  growth  will  have  lost  its  characteristic  a 

Stab-  and  smear-cultures  on  agar-agar  present  not 
ing  characteristic. 

Its  growth  in  bouillon  is  luxuriant,  causing  a  6 
clouding  and  the  ultimate  production  of  a  delieat«  t 
ujmn  the  surface. 

In  sterilized  milk  of  a  neutral  or  amphoteric  r 
at  a  temperature  of  36°  to  38°  C.  it  develops  activ< 
and  gradually  produces  an  acid  reactifni,  with  c 
tion  of  the  casein.     It  retains  its  vitality  under  t 
conditions  for  alwut  three  weeks  or  more.     The  1 
color  of  milk  to  which  neutral  litmus  tincture  lias  b 
added  is  changed  to  pink  after  thirty-six  or  forty-eig 
hours  at  body-tcmpemture. 

Its  growth  in  i>eptone  solution,  either  that  of  I 
ham  (see  Special  Media)  or  the  one  preferred  by  K 
viz.,  2  parts  of  Witte's  peptone,  1  ]>art  i>f  sodium  c 
ride,  and  100  parts  of  distilled  water,  is  accompanied  d 
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the  production  of  both  indol  and  nitrites,  so  that  after 
eight  to  twelve  hours  in  the  incubator  at  37^  C  the  rose 
cohir  characteristic  of  indol  appears  upon  the  addition 
of  sulphuric  acid  alone.     (See  Indol  Reaction.) 

(What  does  the  presence  of  nitrites  in  these  cultures 
signify?) 

In  peptone  solution  to  which  rosolic  acid  has  been 
added  the  red  color  is  very  nuich  intensified  after  four 
or  five  davs  at  37*^  C. 

Its  growth  on  potato  of  a  slightly  acid  reaction  is  seen 
after  three  or  four  days  at  37°  C  as  a  dull,  whitish, 
non-glistening  patch  at  and  about  the  site  of  inocula- 
tion. It  is  not  elevated  above  the  surface  of  the  potato, 
and  can  only  be  distinctly  seen  when  held  to  the  light 
in  a  particular  position.  Growth  on  acid  |)otato  occurs, 
however,  only  at  or  near  the  body-tem|K»rature,  owing 
probably  to  the  acid  reaction,  which  is  sufficient  to  pre- 
vent development  at  a  lower  teni|)erature,  but  does  not 
have  this  eifect  when  the  teinpenitun*  is  more  favorable. 
On  solidified  bloo<l-serum  growth  is  usually  said  to 
be  accompanied  by  slow  liquefaction.  I  have  not  suc- 
ceeded in  obtaining  this  result  on  Loffler^s  serum,  nor 
have  I  detected  anything  characteristic  about  its  growth 
on  this  medium. 

The  temperature  most  favorable  for  its  growth  is 
between  35°  and  38°  C.  It  grows,  but  more  slowly, 
at  17°  C.     Below  16°  C.  no  growth  is  visible. 

It  is  not  destroyed  by  freezing.  When  exposed  to 
65°  C.  its  vitality  is  destroyed  in  five  minutes. 

It  is  strictly  aerobic,  its  development  ceasing  if  the 
supply  of  oxygen  be  cut  off. 

It  does  not  grow  in  an  atmosphere  of  carbonic  acid, 
but  is  not  killed  by  a  temporary  exposure  to  this  gas. 
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It  iU)i.-»  not  grow  in  arid  media,  but  flotirisJiPs  best  in 
mctliii  i>r  nt^'iitnil  ur  slightly  alkaline  reaction.  It  is  »> 
sensitive  to  the  action  of  acids  that  at  22°  C.  it«  devel- 
opment is  arrested  wheo  an  acid  reaction  (>iqiii%-ii]ent  to 
O.Ofifi  to  0.08  i»er  cent,  of  hydroehlorie  or  nitric  acid 
presi'nt.     (Kitajaito.) 

Under  artificial  cultivation  the  maxiiauiii  develi 
ment  of  this  oi^^anism  is  resiehetl  in  a  eoniparativpl 
short  lime ;  after  tliis  it  remains  quiescent  for  a  jKriod, 
and  HualK'  degt-neration  begins.  The  dying  comma 
bacilli  Ixx-ome  altereil  in  appearance  and  assume  the 
condition  known  as  "  involution-forms."  (See  Fig.  76.) 
When  in  this  state  they  take  up  col  oritur- reagents  very 
faintly  or  not  at  all,  and  may  lose  entirely  their  eliarac- 
tcristic  shajM-. 

When  present  with  other  ttacti'ria,  under  conditions 
favorable  to  growth,  the  comma  bacillus  at  first  (ttows 
much  more  rapidly  than  do  the  others  ;  in  twentA--fiiiir 
hours  it  will  often  so  outnniiil>cr  the  other  orgsmisms 
pre-sent  that  mieroseopic  examination  might  lead  one 
to  regard  the  material  under  consideration  ns  a  |inn? 
culture  of  this  organism.  Its  conspicuous  develop- 
ment under  these  circumstances  does  not,  however,  last 
longer  than  two  or  three  days ;  degc-neration  and  death 
U'gin,  and  the  other  orgimisms  gain  the  ascendency. 
This  fact  has  been  taken  advantage  of  by  Schottcliiis ' 
in  the  following  methot)  devised  by  him  for  the  bac- 
t<^riological  examination  of  dejections  from  cholera 
patients : 

In  dejeefionM  not  examined  immediately  after  being 
{>».s,«ed  it  is  often  <liffieult,  hecanse  of  the  large  num- 
ber of  other  bacteria  that  may  be  present,  to  detect 
'  Dviiteclif  mnl.  WoclieDiM-lirin,  168S,  No.  14. 
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with  certainty  the  cholera  organism  by  microscopic 
examination.  It  is  advantageous  in  these  cases  to  mix 
the  dejections  with  about  double  their  volume  of  slightly 
alkaline  beef-tea,  and  allow  them  to  stand  for  about 
twelve  hours  at  a  temperature  between  30°  and  40°  C. 
There  appears  at  the  end  of  this  time,  especially  upon 
the  Hurjace  of  the  fluid,  a  conspicuous  increase  in  the 
number  of  comma  bacilli,  and  cover-slip  preparations 
made  from  the  upper  layers  of  the  fluid  will  reveal  an 
almost  pure  culture  of  this  organism. 

It  is  not  improbable  that  a  similar  process  occurs  in 
the  intestines  of  those  suffering  from  Asiatic  cholera, 
viz.,  a  rapid  multiplication  of  the  comma  bacilli  that 
have  gained  access  to  the  intestines  takes  place,  but  lasts 
for  only  a  short  time,  when  the  comma  bacilli  begin  to 
disappear,  and  after  a  few  days  their  place  is  taken  by 
other  organisms. 

Tu  connection  with  his  experiments  upon  the  poison 
produced  by  the  cholera  organism  Pfeiffer^  states  that 
in  very  young  cultures,  grown  under  access  of  oxy- 
gen, there  is  present  a  body  that  possesses  intensely 
toxic  properties.  This  primarj'  cholera-poison  stands 
in  very  close  relation  to  the  material  composing  the 
bo<lies  of  the  bacteria  themselves,  and  is  probably  an 
integral  constituent  of  them,  for  the  vitality  of  the 
cholera  spirilla  can  be  destroyed  by  means  of  chloro- 
form or  thymol,  and  by  drying,  without  apparently 
any  alteration  of  this  poisonous  body.  Absolute  alco- 
hol, concentrated  solutions  of  neutral  salts,  and  a  tem- 
perature of  100°  C,  decompose  this  substance,  leaving 
intact  secondary  poisons  which  possess  a  similar  physi- 
ological activity,  but  only  when  given  in  from  ten  to 

'  Zeitschrift  fur  Hygiene  und  Infektionskrankheiten,  Bd.  xi.  8.  393. 
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Ivventy  times  tlif  (lost-  necessirv  i.i  jiroducu  iW  simf 
t'lU-cts  with  tlio  primary  pnition. 

OtIuT  meinbL'ra  of  the  vibriii  larnily  also,  namciv, 
vihrio  Miichiiikmi  und  Uiat  i>t'  Fiiikler  and  Prior  (s« 
dL'wfription  of  these  s|)ecit'8),  cuutalti,  aoeordiiig  to  Pl'ciC- 
fi?r,  closely  related  poisons, 

EXI'ERIMENTH  UWIN  AkIMALS, — As    R    reSllIt   of  PX- 

perimente  for  tlu>  piirjiose  ol'  determininfj  if  tiie  dis«a^ 
can  be  pro<hn;>e<l  in  any  of  the  lower  animals  it  has  l»ti-ii 
fbiiiiil  that  white  niit-p,  monkeys,  cats,  clogs,  ptmltry,  iinil 
nuiny  other  uniniale  are  not  susceptible  to  infection  by  tin- 
methods  tisually  employed  in  inoculation  exp<'rinnrnl^ 
When  animals  are  fed  on  pure  cnltures  of  the  romnia 
bacillus  DO  effect  is  prodnccd,  and  the  organisms  cannot 
be  obtained  from  the  stomach  or  intestines.  They  are 
destroyed  in  the  stoniaoh,  and  do  not  reach  the  intes- 
tines ■  they  are  not  demonstrable  in  the  fseccs  of  these 
a    n  aln      Intravascular   inje<-tions  of  a  pure   culture 

t  nil  1  tP  are  followed  by  an  illness,  from  wliioh 
the  an  n  als  nsnally  recover  in  from  two  to  three  day] 

tr  jier  toneal  injections  into  white  mice  are,  as  a  r 
f  II  ed  Ij  dentil  in  from  twenty-fonr  to  forty-e" 
hours  ;  the  conditions  in  both  instances  most  proba^ 
resiiltingfroni  the  toxic  activities  of  the  poisonous  pro 
nets  of  growth  of  the  or^nisms  present  in  the  cultui 
employed.  None  of  the  lower  animals  suffi^r 
ously  from  Asiatic  cholera. 

The  failure  to  induce  cholem  in  animals  by  fee 
or  by  injection  of  cultures  info  the  stomach,  waa  ahoj 
by  Nicali  and   Rietaeh'  to  be  due  to  the  dcstructiv 
action  of  the  acid  gastric  juice  on  tbc  bacilli.     TIm 

'  Archlv.de  Phyn.  ti«nn.  ct  polh,,  IWffi,  t.  vi,.3o(i(ir.   CnmptramiA 
xeix.  p.  B28,     Bcvuf  Ao  IlrBitex,  1805.    Bevnu  ile  MMpcitio.  1885,  t  j 
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showed  that  if  cultures  of  this  organism  were  intro- 
dneed  into  the  alimentary  tract  of  certain  animals  in 
such  a  manner  that  they  would  not  be  subjected  to  the 
influence  of  the  gastric  juice,  a  pathologicxil  condition 
closely  simulating  cholera  as  it  occurs  in  man  could  be 
])roduced.  For  this  puri)ose  the  common  bile-churt  wtis 
lij]^ated,  after  which  the  cultures  were  injected  directly 
into  the  duodenum.  Such  interference  with  the  flow 
of  bile  lessens  intestinal  peristalsis,  and  thus  permits 
development  of  the  bacilli  at  the  point  at  which  they 
are  deposited — that  is,  the  portion  of  the  intestine  hav- 
ing an  alkaline  reaction  and  beyond  the  influence  of  the 
acid  stomach-juice. 

By  this  metho<l  Nicati  and  Rietsch,  Van  Erraengem,* 
Koch,^  and  others  were  enabled  to  pnKluce  in  the  ani- 
mals upon  which  they  operatwl  a  condition  that  was,  if 
not  identical,  at  all  events  very  similar  pathologically  to 
that  seen  in  the  intestines  of  subjects  dead  of  the  disease. 

At  a  subsequent  conference  held  in  Berlin  in  1885 
Koch'*  described  the  following  method,  by  means  of 
which  he  had  been  able  to  obtain  a  much  greater  de- 
gree of  constancy  in  all  his  efforts  to  produce  cholera  in 
lower  animals:  bearing  in  mind  the  point  made  by 
Nicati  and  Rietsch  as  to  the  effect  produced  by  the  acid 
reaction  of  the  gastric  juice,  this  reaction  was  first  to  be 
neutralized  by  injecting  through  a  soft  catheter  passed 
down  the  oesophagus  into  the  stomach  5  c.c.  of  a  5  per 
cent,  solution  of  sodium  carbonate.  Ten  or  fifteen  min- 
utes later  this  was  to  be  followed  by  the  injection  into 
the  stomach  (also  through  a  soft  catheter)  of  10  c.c.  of  a 

^  Recherches  snr  le  Microbe  du  Cholera  Asiatiqae,  Paris-Brnxelles, 
1885.    Ball,  de  TAcad.  roy.  de  Med.  de  Belgiqae,  xviii.,  3e  s^^r; 
»  Loc.  cit  »  Ibid.,  1885. 
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bniiillon  riiltnrc  of  tlu*  cliolcni  ^pinlltim.     For  the  pur- 
jKitso  ui'  arresting  prbtalMis   aut)   pormittiug  the   bao^ 
teria  to  remain  in  the  stomach  and  tipper  part  of  tlH 
diiodcniim  for  as  long  a  time  09  jinseible,  the  auiraal  ^*^| 
to  reft'ive,  immediately  following  the  injection  of  th^ 
cuiturt-,   an    intrngteritonenl    injection,   by  means   of  a 
hj'podermic  syringe,  nf  1  c.c,  of  tincture  of  opinm   for 
each  200  grammes  of  its  body-weight.     Shortly  nft^H 
this  last  injection  deep  narosts  sets  in  and  lasts  froiH 
a  half  to  one  hour,  atWr  which  the  animal  is  as  iive^H 
as  ever.     Of  35  guinea-pigs  inoculated  in  this  way  fagl 
Koch,  30  died  of  an  aifection  that  was,  in  general,  vevjfl 
similar  to  Asiatic  cholera  as  seen  in  man.  fl 

The  condition  of  tho^te  animain  before  deatli  is  dsH 
scribed  as  follows:  twcnty-fonr  hours  after  the  openfl 
tion  the  animal  ap^)car.s  imwcll :  there  is  los.s  of  appctit^| 
and  the  animal  rcmiiins  quiet  in  it^  cage.  Ou  the  f(^H 
lowing  day  a  {Himlytie  condition  of  the  hind  extreinitt^f 
appears,  which,  as  the  tiny  wears  on,  becomes  mt^H 
pronounced  ;  the  animal  lies  qnitc  flat  U]M>n  its  abooma^B 
or  on  its  side,  \vith  legs  extended  ;  rewpiration  is  vfealM 
and  prolonged,  and  the  pulsations  of  the  heart  arehardj^f 
|M.Tceptible  ;  the  head  and  estrcniitios  arc  cold,  and  ti^H 
liiMly-temperatnre  is  frequently  subnormal.  The  AV^H 
mill  usuallv  dies  after  remaining  in  this  condition  fitfi^| 

At  aiilop^y  ihc  small  intestine  is  found  deeply  i|^| 
jrctcd  and  tilled  with  flocculent,  colorless  fluid.  Tq^^ 
stomach  nud  intestines  do  not  contain  i«olid  masses,  ba^| 
fluid  ;  when  diarrhcen  does  not  occur,  firm  scybala  nugH 
!h'  drle<('i!  in  the  rectum.  Both  by  mieriiscopie  exatnS 
iiiminn  arnl  liv  culture  metlnKl*  comma  bueilli  are  fnun^J 
present  in  thesnmll  intestine  in  practically  pure  cultures^ 
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More  recentlv  Pfeiffer  *  has  determined  that  essen- 
tially  siniihir  coiLstitiitional  effects  may  be  produced  in 
guinea-piju^s  by  the  intraperitoneal  injection  of  rela- 
tively large  numbers  of  this  organism.  His  plan  is  to 
scrape  from  the  surface  of  a  fresh  culture  on  agar-agar 
as  much  of  the  growth  as  can  be  held  upon  a  medium 
size  wire  loop.  This  is  then  finely  divided  in  1  c.c. 
of  bouillon,  and  by  means  of  a  hypodermic  syringe  is 
injected  dire(!tly  into  the  peritoneal  cavity.  When  vir- 
ulent cultures  have  been  used  this  operation  is  quickly 
followed  by  a  fall  in  the  temperature  of  the  animal  that 
is  gradual  and  continuous  until  death  ensues,  which  usu- 
ally occurs  in  from  eighteen  to  twenty-four  hours  aflber 
the  oixTation,  though  exceptionally  the  animal  recovers, 
even  after  having  exhibited  marked  symptoms  of  pro- 
found toxicmia. 

Continuing  his  studies  upon  this  disease,  Pfeiffer^  has 
demonstrated  that  it  is  possible  to  render  an  animal  tol- 
erant to  or  immune  from  the  poisonous  properties  of  this 
orgjinism  by  re|>eated  injections  of  non-fatal  doses  of 
dead  cidtures  (cultures  that  have  been  killed  by  the 
vapor  of  chloroform  or  by  heat).  He  also  demon- 
strated that  animals  so  immunized  possess  a  specific 
germicidal  action  towartl  the  cholera  spirillum — i.  e.,  if 
into  the  peritoneal  cavity  of  an  animal  immunized  from 
Asiatic  cholera  living  cholera  spirilla  be  introduced, 
they  will  all  be  destroyed  (disintegrated)  within  a  rela- 
tively short  time.  Furthermore,  if  the  serum  of  an  animal 
immunized  from  cholera  be  injected  into  the  |)eritoneal 
cavity  of  another  animal  of  the  same  species,  but  not  so 

*  Zeitsohrift  fiir  Hygiene  und  Infektionskrankheiten,  Bd.  xi.  and  xiv. 
«  Ihid.,  1894,  Bd.  xvii.  S.  355;  1894,  Bd.  xviii.  S.  1 ;  1895,  Bd.  xx, 
S.  197. 
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pr(itect<Hl,untl  immcifiutcly  af'tcrwnnl  liviiigrhdli 
illu  be  introJucwl,  a  similar  di si ntt-gration  and  4li-stnifti< 
of  the  bacteria  will  also  result.    He  shows  that  a  mcirc  or 
Ies3  deflnite  relation  exists  between  the  amount  of  senim 
and  the  nnmber  uf  organisms  introduced.     Surli  a  de- 
struction of  the  comnm  bacillus  by  the  serum  of  an 
immitniKoil  animal  duen  not  ocour  outside  the  atiiniiJ 
body — that  is,  it  eannot  bo  demonstrated  in  a  fest-tui 
iinles,^,  aw  Bonlet  has  demonstrattxl,  it  be  perfectly  fr 
from  the  animal  body,  or,  as  Mctschnikoff"  has  sbowB,*! 
there  be  added  to  it  a  small  quantity  of 
from  a  normal  guinea-pig.     Tlie  specilieify  of  this  reac- 
tion Is  suggested  by  Pfeiffer  as  a  means  of  differentiat- 
ing the  cholera  spirillum  from  olher  ansptoiona  specii 
for  no  finch  liactcriolytic  action  is  observed  if  spe 
other  than  the  cholera  spirillum  he  introduced  into 
|i(.'ritiineal  cavity  of  animals  immunized   from   Asial 
eholera. 

Pfeiffer  has  further  demonstrated  that  the  semm 
animals  artificially  immnnized  from  Asiatic  cholera 
an  agglutinating  effect  ujion  fluid  enltures  of  thecholi 
spirillum  similar  to  that  seen  when  typhoid  bacilli 
mixed  with  scrum  from  typhoid  casi-s,  or  from  anii 
artificially  immunized  from  typhoid  infection  or  tnl 
cation.     (See  Agglutinin.) 

Gkseral  Consi derations. — In  all  ca-ses  of 
cholera,  and   on/y  In  this   disease,  the   organism 
described  can  be  detected  in  the  intestinal  evacuaUi 
The  more  acute  the  case  and  the  more  promptly 
examination  is  made  alYer  the  evacuations  Iiave 
fnun  the  patient,  the  less  difBcnlty  will  be  experient 
in  detecting  tiie  organism. 

In  some  cases  the  organism  can  be  detected  in 
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vomited  matters,  though  by  no  means  so  constantly  as 
in  the  intestinal  cx>n tents. 

As  a  rule,  bacteriological  examination  fails  to  reveal 
the  presence  of  the  organisms  in  the  bl<x)d  and  internal 
organs  in  this  disease,  though  Nicxiti  and  Rietsch  claim  to 
have  obtained  them  from  the  common  bile-duct  in  ra2)idly 
fatal  cases,  and  in  two  out  of  five  cases  they  were  pres- 
ent in  the  gall-bladder.  Doyen  and  Rasstschewsky  ^ 
found  them  in  the  liver  in  pure  culture,  and  Tizzoni 
and  Cattani^  in  both  the  blood  and  the  gall-bladder. 

The  cholera  spirillum  is  a  facultative  sapiophyte ;  that 
is.  to  say,  it  apparently  finds  in  certain  parts  of  the 
world,  particularly  in  those  countries  in  which  Asiatic 
cholera  is  endemic,  conditions  that  are  not  entirely  un- 
favorable to  its  development  outside  of  the  body.  This 
has  been  found  to  be  the  case  not  only  by  Koch,  who 
detected  the  presence  of  the  organism  in  water-tanks 
in  India,  but  by  many  other  observers  who  have  suc- 
ceeded in  demonstrating  its  growth  under  conditions  not 
embraced  in  the  ordinary  methods  employed  for  the 
cultivation  of  bacteria.* 

The  results  of  experiments  having  for  their  object 
the  determination  of  the  length  of  time  during  which 
this  organism  may  retain  its  vitality  in  water  are  con- 
spicuous for  their  irregularity.  In  the  transactions  of 
the  congress  in  Berlin  for  the  discussion  of  the  cholera 
question,  it  is  stated,  in  connection  with  this  point,  that 
the  experiments  made  with  tank-water  in  India  some- 

1  Reference  to  Vratch,  1885,  in  Allg.  med.  Central  Zeitung,  Berlin. 

'-'  Centmlblutt  fiir  die  med.  Wii?sens('liaften,  1886,  No.  43. 

'  Obviously  all  pathogenic  bacteria  that  have  been  isolated  under 
artificial  methods  of  cultivation  a.re  facuUatire  saprophytes.  W^ere  they 
obligate  parasites,  their  cultivation  upon  dead  materials  would  be 
impossible. 
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times  resulted  in  demonstRitlng  the  multiplimtioti  i 
tlic  organisms  introdiit^d  into  it,  while  in  otlier  i 
tliL'y  died  very  quickly. 

On  February  S,  1884,  miunia  bacilli  were  ftmnd  iii| 
tankatSaheb-lk'gan.in  Ciiluutta,  unil  it  was  possible  lod 
monstrate  tliera  in  u  living  condidon  np  to  Februiuy  23d 

Koch  etatea  that  in  ordinary  Bpriiig-watcr  or  well 
water  the  organisma  retained  tliilr  vitality  for  thirty 
days,  whereas  in  the  canal-water  (eewage)  of  Berlin  they 
died  after  sis  or  seven  days;  bnt  if  this  latter  were 
mixed  witli  fsecal  mattent,  the  organisms  retained  theifj 
vitality  for  but  twenty-seven  hours;  and  in  the  i 
Itit^Hl  contents  of  cesspools  it  was  impossible  t«  demon- 
strate thcin  after  twelve  hoiira.  In  the  esjieriments  of 
Nicati  and  Rietsch  they  retained  their  vitality  in  steril- 
ized distilled  water  for  twenty  days ;  in  Marseilles  cauul- 
water  (sewage),  for  ihirty-ciglit  dayej  in  seo-wi 
sixty-four  days ;  In  barljor-wulcr,  eighty-one  days ; 
in  bilge-water,  tliirty-two  days. 

In  the  exiwrinients  of  Hochstetter,  on  the  otlier  hand, 
they  died  in  distiller)  wat*T  in  less  than  twenty-four 
hours  in  five  of  seven  experiments;  in  one  of  the  tiiV(i 
remaining  experiments  they  were  alive  after  a  day,  a 
in  the  otlier  after  seven  dnys. 

In   one   test   with   the  water-supply  of  Berlin 
organism   retained   its   vitality  for   2(»7   days,  and  i 
another   for   '382  days,  notwithstanding  the  fact  \ 
many  other  organisms  were  present  at  the  sa 
There  is  no  ready  explanalion  for  thi>se  variations,  f 
they  depend  apparently  upon  a  nnuiU'r  of  fiietors  whid 
may  act  singly  or  together.     Foi-  example,  in  gencnd  id 
may  be  said  tlitit  the  higher  the  temperature  of  ihc  \ 
in  which  these  organisms  are  present,  up  to  20°  ( '..,  the] 
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longer  do  they  retain  their  vitality ;  the  purer  the  water — 
that  is,  tlie  poorer  in  organic  matters — the  more  quickly 
do  the  organisms  die,  whereas  the  richer  it  is  in  organic 
matter  the  longer  do  they  retain  their  vitality. 

Still  another  point  that  must  be  considered  in  this 
connection  is  the  antagonistic  influences  under  which 
they  find  themselves  when  placed  in  water  containing 
large  numbers  of  organisms  that  are,  so  to  speak,  at 
home  in  water — the  so-called  normal  water-saprophytes. 

The  effect  of  light  upon  growing  bacteria  must  not 
be  lost  sight  of,  for  it  has  been  shown  that  a  surprisingly 
large  number  of  these  organisms  are  robbed  of  their 
vitality  by  a  relatively  short  exposure  to  the  rays  of 
the  sun ;  and  it  is  therefore  not  unlikely  that  the  non- 
observance  of  this  fact  may  be,  in  part  at  least,  account- 
able for  some  of  the  discrepancies  that  appear  in  the 
results  of  these  experiments. 

In  his  studies  upon  the  behavior  of  pathogenic  and 
other  micro-organisms  in  the  soil  Carl  Fninkel  *  found 
that  the  cholera  spirillum  was  not  markedly  susceptible 
to  those  deleterious  influences  that  cause  the  death  of 
a  number  of  other  pathogenic  organisms.  During  the 
months  of  August,  September,  and  October  cultures  of 
the  comma  bacillus  that  had  been  buried  in  the  ground 
at  a  depth  of  three  metres  retained  their  vitality ;  on 
the  other  hand,  in  other  months,  particularly  from 
April  to  July,  they  lost  their  vitality  when  buried  to 
the  depth  of  only  two  metres.  At  a  depth  of  one  and 
a  half  metres  vitality  was  not  destroyed,  and  there  was 
a  regular  development  in  cultures  so  placed. 

As  a  result  of  experiments  performed  in  the  Imperial 
Health  Bureau  at  Berlin,  it  was  found  that  the  bodies  of 

1  Zeitschrift  fiir  Hygiene,  Bd.  ii.  S.  521. 
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guiueti-pigH  that  had  died  of  clioliTa  iiiduc»l  by  Koch's 
method  of  inocuLitioii  contained  no  living  cholera  sjufij— 
ilia  when  exhumed  after  having  been  buried  for  ninetoej 
days  iu  wooden  boxes,  or  for  twelve  days  in  xiiic  boxefl 
In  a  few  tliat  had  bet.')!  buried  in  moist  earth,  withonB 
having  been  encasetl  in  boxe«,  when  exhumed  after  twfl 
or  three  mouths,  the  results  of  exmninatioiis  Jbr  choleriB 
spirilla  were  likewist;  negative.  H 

Kitaaato,'  in  his  experiments  with  the  clioln^  organfl 
ism,  found  that  when  mixed  witit  the  intestinal  evaco^ 
atioos  of  human  beings  under  ordinary  conditions  it 
lost    its  vitality  in   from   a  day  and  a  half  to  three 
days.     If  the   evacuations  were   sterilized   before  the 
cultures  were  mixed  with  them,  the  organisms  retaiaed(il 
their   vitality  from   twenty  to  twenty-five   days,     ^fl 
was  unable  to  come  to  any  definite  conclusion  as  to  tltfl 
cause  ol'  these  phenomena.  S 

It  was  demonstrated  hy  Hesse '  and  by  Cell!  *  tlwH 
many  substanees  commonly  cmjiloyed  as  food-«tilf^| 
9er\'e  as  favorable  materials  for  the  development  ofH 
the  eholera  tn^nisms.  In  his  experiments  upon  ^^| 
behavior  in  ntilk  Kitasato'  found  that  at  a  tempetata^H 
of  36°  C.  the  cholera  spirillum  developed  very  rapid^H 
during  the  Hrst  three  or  four  hours,  and  outnumbeB^H 
Ihe  other  orgauisms  commonly  found  in  milk.  Th4^^| 
then  diminished  in  number  from  hour  to  hour  as  fl^B 
ui'idity  of  the  milk  iuerensed,  until  finally  their  vitalitjH 
wan  t(wt ;  at  the  same  time  the  common  saprophyi^H 
|jaot4!ria  inen'ased  in  number.  Relatively  the  saiu^| 
lUXKHWH  iMvurs  at  a  lower  temjxTature,  from  22°  to  2A^fl 
■  Ktiltwhrin  fiir  Byiciciic!,  Bd.  v.  S.  4)^.  ■ 

•Ibid..  Dd.v.  8.627.  B 

•  (hillvtlriK  dutk  R.  Aewl.  MM.  di  Romn,  taSS,  ■ 

*  SEolUi'lirin  nir  Hygiene,  Bd.  v.  S.  4B1.  ■ 
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C. ;  but  it  is  slower,  the  raaximum  development  of  the 
cholera  organisms  being  reached  at  about  the  fifteenth 
hour,  after  which  time  thev  were  outnumbered  bv  the 
ordinar^^  saprophytes  present. 

From  the  foregoing  it  would  seem  that  the  vitality  of 
the  cholera  spirillum  in  milk  depends  largely  upon  the 
reaction :  the  more  quickly  the  milk  becomes  sour  the 
more  quickly  does  the  organism  become  inert;  while 
the  longer  the  milk  retains  its  neutral,  or  only  very 
slightly  acid,  reaction,  the  longer  do  the  cholera  organ- 
isms that  may  be  present  in  it  retain  their  power  of 
multiplication. 

According  to  Laser,*  the  cholera  organism  retains  its 
vitality  in  butter  for  about  seven  days ;  it  is  therefore 
possible  for  the  disease  to  be  contracted  by  the  use  of 
butter  that  has  in  any  way  been  in  contact  with  cholera 
material. 

In  regard  to  the  antagonism  between  the  cholera 
spirillum  and  other  organisms  with  which  it  may  come 
in  contact,  the  experiments  of  Kitasato^  led  him  to 
conclude  that  no  organism  has  been  found  which, 
when  growing  in  the  same  culture-medium  with  it, 
possessed  the  power  of  depriving  it  of  vitality  vnthin 
a  short  time.  On  the  other  hand,  the  experiments 
showed  that  there  were  quite  a  number  of  other  organ- 
isms the  development  of  which  was  checked,  and  in 
some  cases  their  vitality  was  completely  destroyed, 
when  growing  in  the  same  medium  with  the  cholera 
spirillum. 

From  this  it  w^ould  api)ear  that  the  disappearance  of 
the  cholera  spirillum  from  mixed  cultures  and  from  the 
evacuations  in  the  short  time  mentioned,  is  due  more 

1  Zeitschrift  fur  Hygiene.  Bd.  x.  8.  513.  « Ibid.,  Bd.  vi.  a  1. 
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ti>  iiufiivdi-able  nutritive  comiitions  tliiiu 
ai^lion  of  tho  citlier  urgsinisma  proaciit. 

Wlion  completely  dried,  aucordmg  to  Koch,  the 
choleni  spirillum  dwH  not  retain  its  vitjility  longer 
tlinn  twenty-four  hours,  but  by  ntliers  iie  vitality  is 
said  to  lie  destroyixl  by  an  absolute  drying  of  tlint- 
h<nira.  In  moist  conditions,  as  in  artilicinl  cultnrts, 
vitality  inay  be  retained  for  muny  moullis;  thougli  tv 
(leated  observations  lead  us  to  believe  tliut  under  tlie^ie 
eircnmstaiKMW  virulence  is  diminished.  Areonling  to 
Kitasato,'  they  retain  their  vitality  when  smettred  upon 
thin  glass  cover-slips  and  kept  in  the  moist  chanibe 
for  from  86  to  100  days,  and  for  as  long  as  200  da; 
when  deposited  u|>od  bits  of  isilk  thread, 

In  the  course  of  hia  studies  u]xin  the  persistency 
]Ktt,hogenic  micro-oi^nisnis  in  the  dead  body 
Esmarch '  found  that  when  the  cadaver  of  a  guinea- 
]jig  dead  after  the  introduction  of  cholera  organisms 
into  the  stomach  was  immersed  in  water  until  deconi- 
(xisition  set  in,  after  eleven  days,  when  decomposi- 
tion was  far  advanced,  it  was  impossible  to  find  any 
living  cholera  spirilla  by  the  ordinary  plate  methoiis. 

A  similar  experiment  resulted  in  tlieir  disappearance 
in  five  days.  In  another  experiment,  in  which  de- 
iiiiiiposition  was  allowed  to  go  on  without  the  at 
liiiiij;  immersed  in  water,  none  could  be  detected 
til.'  fifth  day. 

Carl  Friinkel  *  has  shown  that  an  atmosphere  of 
Inmie  acid  is  directly  inhibitory  to  the  d.vi'Inpment  c 


iM 


the  cholera  spirillui 


,  and  I' 


ercy 


Fnuiklai 


II  atnii>sphere  of  this  gas  it  dies  ii 
Kpitschrlft  fiir  11)-)E>('l>e>  Iti),  v.  ».  IM. 


*lbid..Bd.¥i.a.l3.  J 


THE  DIAGNOSIS  OF  ASIATIC  CHOLERA.       467 

In  an  atmosphere  of  carbon  monoxide  its  vitality  is  lost 
in  nine  days,  and  in  general  the  same  may  be  said  for  it 
when  exposed  to  an  atmosphere  of  nitrons  oxide  gas. 

From  what  has  been  said,  we  see  that  the  spirillum 
of  Asiatic  cholera,  while  possessing  the  power  of  pro- 
ducing in  Iniman  beings  one  of  the  most  rapidly  fatal 
diseases  with  which  we  are  acquainted,  is  still  one  of  tlie 
least  resistant  of  the  pathogenic  organisms  known  to  us. 
Under  conditions  most  favorable  to  its  growth  its  de- 
velopment is  self-limited ;  it  is  markedly  susceptible  to 
acids,  alkalies,  other  chemical  disinfectants,  and  heat; 
but  when  partly  dried  upon  clothing,  food,  or  other 
objects,  it  may  retain  its  vitality  for  a  relatively  long 
period  of  time,  and  it  is  more  than  probable  that  in  this 
way  the  disease  is  often  disseminated  from  points  in 
which  it  is  epidemic  or  endemic  into  localities  that  are 
free  from  it. 

THE    DIAfiXaSIS    OF    ASIATIC    CHOLERA    BY    BACFERIO- 

LOGICAL   METHODS. 

• 

Because  of  the  manifold  channels  that  are  open  for 
the  dissemination  of  this  disease  it  is  of  the  utmost 
importance  that  it  should  be  recognized  as  quickly 
as  ix)ssible,  for  with  every  moment  of  delay  in  its 
recognition  opportunities  for  its  spread  multiply.  It 
is  essential,  therefore,  when  employing  bacteriological 
moans  for  making  the  diagnosis,  to  bear  in  mind  those 
biological  and  morphologicjil  features  of  the  organism 
that  appear  most  quickly  under  artificial  methods  of 
cultivation,  and  whic*h,  at  the  same  time,  may  be  con- 
sidered as  characteristic  of  it,  viz.,  its  peculiar  mor- 
phology and  grouping ;  the  much  greater  rapidity  of  its 
growth  over  that  of  other  bacteria  with  which  it  may 
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iciatwl ;  tlic  I'liiiracUTistic  appcarancp  of  its  cul- 
tiiiics  un  gelatin  jiluttiH  and  of  its  gnj^'tli  in  istab-ciiltiirt-s 
ill  gelatin  ;  it?'  pnipertj'  of  priMlnring  indnl  ami  (iirtii-i- 
(k'litly  nitrites  in  i'miii  aix  to  eight  hours  in  jK'ptonc 
solution  at  37°  to  38"  C. ;  and  itH  jMiwer  nf  <-uu!^in|;  the 
ilcath  of  guinea-pigs  in  from  sixteen  to  t\venty-f"iir 
hoiirr*  when  intnxliieetl  into  the  [leritoneal  caviry,  death 
Ix'ing  pn^eded  bv  syniptonis  of  extreme  toxaemia,  diar- 
a<-t*rizetl  liy  prostration  and  (rmdiial  and  eonthuioiis 
tail  in  the  temperature  (tf  the  animal's  body. 

In  IKO.'l  Xoeli '  ridled  attention  to  a  plan  of  pro- 
(tedure  that  eompri.'hends  the  ))oints  jnst  enuniemtcd. 
By  its  employment  the  diagnosis  t'iui  lie  pftabli^heil  in 
the  majority  of  «i»es  of  Asiatie  eh<ileni  in  from  eighteen 
to  twenty-two  hours.  In  general,  the  sfeiw  to  l>e  taken 
and  points  to  be  borne  in  mind  are  as  follows:  the 
o\'aeiiation8  should  be  examined  an  ximn  nn  pombfe 
atfer  they  ha^'e  l)efn  pne^. 

MrcRO«M)pic  Examination. — 1.  From  one  of  the 
small  slimy  pnrtieles  seen  in  the  semi-fluid  evaeiiations 
pre|»re  a  cover-flij>  pn-paration  in  the  ordinary-  way 
and  stain  it.  If,  U]Kin  niiemscopic  examination,  onl^ 
eiirved  rods,  or  Mir\'ed  nwls  greatly  in  excess  of  all 
other  forms,  are  present,  the  diagnosis  of  Asiatic  cholera 
U  more  Utnn  Ithdy  eorreet ;  and  particularly  is  this  true 
if  these  organisms  arc  arranged  in  irregular  linear 
groups  with  the  Iimg  axes  of  all  the  nxls  pointing  in 
nearly  the  same  direction — tliat  is  to  «iy,  siimewhat  as 
minnows  arrange  tlienisolvcs  when  Gwimniing  up  stream 
in  schools.     (Koeh.) 

Tn  1886  Weisser  and  Frank '  expressed  their  opinion 
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J^K)!!  the  value  of  microscopic  examination  in  these  cases 
&i  follows : 


.       a.   In  the  majority  of  cases  microscopic  examination 
~     IS  siitficient  for  the  detection  of  the  presence  of  the 
^  comma  bacillus  in  the  intestinal  evacuations  of  cholera 

^  l)aticnts. 

/  b.  Even  in  the  most  acute  cases,  running  a  very  rapid 

course,  the  conmia  bacillus  can  ahvays  be  found  in  the 
evacuations. 

r.  In  genenil,  the  number  of  cholera  spirilla  present 
is  greater  th(»  earlier  death  occurs ;  when  death  is  de- 
layed, and  the  disease  continues  for  a  long  period, 
their  number  is  diminished. 

(L  Should  the  patient  not  die  of  cholem,  l)ut  of  some 
other  disease,  such  as  typhoid  fever,  that  may  be  en- 
grafted upon  it,  comma  bacilli  may  disappear  entirely 
from  the  intestines. 

2.  From  another  slimy  flake  prepare  a  set  of  gelatin 
plates.  Exix)se  them  to  a  tempeniture  of  from  20°  to 
22°  C,  and  after  sixteen,  twenty-two,  and  thirty-six 
hours  observe  the  appearance  of  the  colonies.  Usually 
after  about  twenty-two  hours  the  colonies  of  this  organ- 
ism can  easily  be  identified  by  one  familiar  with  them. 

3.  With  another  slimy  flake  start  a  culture  in  a  tube 
of  peptone  solution — either  the  solution  of  Dunham 
or,  as  Koch  pmposes,  a  solution  of  double  the  strength 
of  that  of  Dunham  (Wittc's  peptone  is  to  be  used,  as  it 
gives  the  b(»st  and  most  constant  results).  Keep  this  at 
from  37°  to  38°  C,  and  at  the  end  of  fn)m  six  to  eight 
jiours  prepare  cover-slips  from  the  upper  layers  (without 
shaking)  and  examine  them  microscopically.  If  comma 
bacilli  were  present  in  the  original  material,  and  are 

capable  of  raultiplicution,  they  will  bc  foimd  in  tbw  local" 
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ity  in  almnst  pure  ciiltiirt;.    Ai'tt-r  tlit'  miuroscopie 
nation  prepare  a  second  jKiptone  culture  from  the  upper 
layers  of  the  one  just  esaiuined,  also  a  set  of  gelatin 
platcg,  and  with  what  reniaius  make  tlic  test  for  indol 
by  the  addition  of  10  dmps  of  concentrated  sulphiu 
acid  for  each  10  c.c.  of  fluid  contained  in  the  tube, 
comma  bacilli  arc  growing  in  the  tiilw,  the  rose  cola 
clmracteriBtio  of  the  presence  of  indol  shonld  apiiear. 

By  following  tliia  plan  "a  Itacteriologist  who 
fiimiliar  with  the  morphological  and  biological  [ 
antics  of  this  organism  should  make  a  more  than  pr')b- 
able  diagnosis  at  once  by  micn)scopic  examination  alone, 
and  a  positive  diognosir^  in  from  twenty  to,  at  most, 
twenty-four  hours  &{tct  beginning  the  examiuation." 
(Koch.) 

In  certain  doubtful  cases  the  or^iuisms  are  present  in 
the  intestinal  canal  in  very  small  numbers,  an<l  micro- 
scopie  examination  is  not,  therefore,  of  so  much  assist- 
ance. In  these  cases  plates  of  agar-agar,  of  gelatin, 
and  cultures  in  the  peptone  solution  should  be  made. 

The  plates  of  agar-jigar  should  not  be  prepiired  in 
the  usual  way,  but  the  agar-agar  should  Ik*  poured  into 
Petri  dishes  and  allowed  to  solidify,  after  which  one  of 
the  slimy  particles  may  be  sraearcrl  over  iU  surfiiee, 
The  comma  bacillus,  being  marke<lly  aerobic,  develops 
very  nmeh  more  readily  when  its  colonies  are  located 
upon  the  aurfac*^  then  when  in  the  de[»ths  of  tlie  med- 
ium. A  i>oint  to  which  Koch  calls  attention,  in  con- 
nection witli  this  Ht*>)i  in  manipulation,  is  the  necessity 
of  having  the  surface  of  the  agar-agar  free  from 
the  water  siiueezod  from  it  when  it  solidities,  as  the 
presence  of  the  water  iniiTferes  with  the  development 
of  the  colonies  at  isoluled  points  and  causes  them  to 
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become  confluent.  To  obviate  this  he  recommends  that 
the  agar-agar  be  poured  into  the  plates  and  the  water 
allowed  to  separate  from  the  surface  at  the  temperature 
of  the  incubator  before  they  are  used.  It  is  wise,  there- 
fore, when  one  is  liable  to  be  called  on  for  such  w^ork 
as  this,  to  keep  a  number  of  sterilized  plates  of  agar- 
agar  in  the  incubator  ready  for  use,  just  as  sterilized 
tubeif  of  the  media  are  always  ready  at  hand.  The 
advantage  of  using  the  agar  plates  is. the  higher  tem- 
perature at  which  they  can  be  kept,  and  consequently 
a  more  favorable  condition  for  the  development  of  the 
colonies. 

As  soon  as  isolated  colonies  appear  they  should 
be  examined  microscopically  for  the  presence  of  bac- 
teria having  the  morphology  of  the  one  we  are  seek- 
ing, and  as  soon  as  such  is  detected  gelatin  plates 
and  cultures  in  peptone  solution  (for  the  indol  reac- 
tion) should  be  made.  The  peptone  culture  from  the 
original  material  should  be  examined  microscopically 
from  hour  to  hour  after  the  sixth  hour  that  it  has 
been  in  the  incubator.  The  material  taken  for  ex- 
amination should  always  come  from  tiear  the  surface 
of  the  fluid,  and  care  should  be  taken  not  to  shake 
the  tube.  As  so<>n  as  comma  bacilli  are  detected  in 
considerable  numbers  in  the  upper  layers  of  the 
fluid  agar-agar  plates  and  fresh  j^eptone  cultures 
should  be  made  from  them.  In  from  ten  to  twelve 
hours  at  37°  C  the  colonies  will  develop  on  the  agar- 
agar  plates  to  a  size  sufficient  for  recognition  by  micro- 
scopic examination,  and  from  this  examination  an 
opinion  can  usually  be  formed.  This  ojnnion  should 
always  be  controlled  by  cultures  in  the  ]x?pt4)ne  solution 
made  from  each  of  several  single  colonies,  and  finally 
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the  teat  for  the  presence  or  abaencc  u 
cultures  should  bo  made. 

Ill  ull  tloiihtful  cases,  in  which  only  a  few  cui 
bacilli  are  present,  or  in  which  irregularities  in  eitl; 
the  rate  nr  mode  of  their  development  occur,  pure  cnlM 
nres  should  l>e  obtained  aa  soon  as  possible  by  the  a 
agar  plate  methorl  and  by  the  method  of  cultivation  m^ 
peptone  solution,  and  their  virulence  tested  upon  ani- 
mala.  For  this,  purpose  cultures  upon  agar-agar  from 
single  colonies  must  be  made.  From  the  surface  of 
one  of  such  cultures  a  large  wire-Ioopfnl  eliould  be 
serape<i  and  broken  up  in  aliout  one  cubic  centimetre 
of  Iwiiiilon,  and  the  suspension  thus  made  injected 
by  means  of  a  hypmlormic  syringe  directly  into  the 
peritoneal  cavity  of  a  guinea-pig  of  about  -ISO  to 
400  grammes  weigiit.  For  larger  animals  more  mate- 
rial is  used.  If  the  material  injected  is  from  a 
frenli  culture  of  the  choloni  organism,  toxic  symp- 
toms at  once  appear;  these  have  their  most  pro- 
nounce<l  expression  in  depression  of  temperature,  an<l 
if  one  follows  this  decline  in  temperature  from  time  to 
time  with  the  thermometer  it  will  be  seen  to  be  gradual 
and  exintinnous  from  the  time  of  injection  to  the  death 
of  the  animal  (Pfoiffer'),  which  occurs  in  from  eighteen 
to  twenty-four  hours  after  the  operation. 

lu  general,  this  is  the  procedure  employed  in  the  In- 
stitute for  Infectious  Diseases  at  Berlin,  under  Koch's 
direction. 

'  Luc.  cit. 


CHAPTER    XXIII. 

Spirilla  of  interest,  historically  and  otherwise,  that  have  been  con- 
founded with  the  spirillum  of  Asiatic  cholera — Their  peculiarities 
and  differential  features — Vibrio  proieus^  or  bacillus  of  Finkler  and 
Prior — Spirillum  tyrogenunif  or  cheese  spirillum  of  Deneke — The 
spirillum  of  Miller—  Vibrio  Metchnikovi. 

• 
VIBKIO   PROTEUS   (fINKLER-PRIOR   BACILLUS). 

FiNKi.ER  AND  Prior  were  the  first  to  question  experi- 
mentally tlie  significance  of  the  presence  of  Koch's 
comma  bacillus  in  Asiatic  cholera,  claiming  to  have 
found  it  in  the  dejections  of  individuals  suffering  from 
other  maladies,  particularly  chokra  nostras.  The  mor- 
phological and  biological  diflFerences  between  the  or- 
ganism that  Finkler  and  Prior  discovered  and  the 
comma  bacillus  described  by  Koch,  are,  however,  so 
pronounced  as  to  warrant  the  opinion  that  the  confusion 
arose  through  imperfect  and  untrustworthy  methods  of 
experimentation.  Subsequently  Finkler  and  Prior  re- 
tracted their  claims  of  identity  for  the  two  organisms, 
and  held  that  the  bacterium  with  which  they  were  deal- 
ing was  pecidiar  to  cholera  nostras — an  opinion  which, 
in  the  light  of  later  work,  was  also  proved  to  be  with- 
out foundation. 

The  characteristics  of  the  spirillum  of  Finkler  and 
Prior  are  as  follows : 

MoRPHOLfXiV. — It  is  thicker  and  longer  than  the 
spirillum  of  Asiatic  cholera ;  it  is  often  thicker  at  the 
middle  than  at  the  poles ;  it  forms,  like  the  "  comma 
bacillus/'  screw-like,  twisted  threads.     (Fig.  79.) 

473 


SACTERIOLOay. 

It  IB  aiipplicd  willi  a  Klnglo  flagcllitm  at  out  of  i1 

rnds,  and  is  tlitTclijrL'  motile. 


It,  like  the  comma  bacillus,  readily  undei^;oeB  d 
erative  changes  under  eonditioiis  imfavoruble  to  growtl 
and  presents  tlie  variety  of  ^liapes  grouped  under  t 
head  "  involution-forms."     According  to  Buchncr,  thi 
is  eepecially  the  case  when  the  medium  in  which  tliej 
are  growing  contains  glueose  (.5  per  cent.)  or  glyct 
(2  per  cent.). 

CuLTUBAL  Pecitliarities. — Ou  grhitin  plates 
development  of  itfi  colonies  is  fiir  more  mpid,  and  liqui 
faction   far  more   extensive,  tlum   in  the  case  of  I' 
cliolera   Rpirillum.      After   twenty-two  to  twenty-foil 
hourti  in  this  medium  at  20°  to  22°  C.  the  average  eire  o 
the  colonies  is  alx>nt  double  that  of  the  oomma  bacillui 
The  coloniea  are  darker  and  denser,  and  do  not  prs 
sent  under  a  low-|K)wer  lens  tin-  same  degree  of  grantllA 
tion  and  subsequent  lobulation,  and  they  do  not  lieeoof 
i»errated  or  scallopetl  around  the  niargini  as  is  the  t 
with  Koch's  organism.     After  twenty-two  to  twer 
four   hours   tlicy  are  u^tudiy   nearly   round,  regulail|fl 
granular,  and  more  or  less  sharply  delined.     (See 

I,  a.)     At  times  lliey  may  s^how  iudefiuitr  marii 
or  oresaes,  somewhat  su^restive  of  lobulations.     Aft 
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forty-eight  hours  on  gelatin  they  usually  range  from 
one  to  three  millimetres  (liome  even  larger)  in  diameter, 
and  appear  as  sliarply  cut,  saucer-shaped  pits  of  lique- 
faction, in  the  most  dependent  portion  of  which  lies 
a  dense,  irregular  mass,  the  colony  proper.  Under  a 
low  niagnilying  [wwer  they  present  at  this  stage  an  ap- 
pearance similar  to  that  shown  in  Fig.  80,  i,  the  central 
dense  mass  representing  the  colony,  and  the  irregular. 


■v^ 


ragged  lines  surroimdiug  it  heing  shreds  tliat  have  be- 
(K>mc  torn  awny  as  it  siink  into  the  liquid  caused  hy  its 
growth.  The  zone  surrounding  it,  extending  to  the 
periphery,  is  somewhat  cloudy,  and  is  simply  liquefied 
gelatin.  There  is  a  marked  tendency  for  the  liquefac- 
tion to  spread  laterally  and  for  the  (colonies  to  run 
together,  so  that,  even  on  plates  containing  few  colonics, 
in  sixty  to  seventy-two  hours  at  from  20"  to  22°  C,  the 
entire  gelatin  is  usually  converted  into  a  yellowish- 
white  fluid.  [Tnder  these  conditions  growth  is  ac- 
companied by  a  marked  aromatic  odor,  impossible  to 


BACTERIOLOGY. 


describe ;  this  is  rspccially  the  i>aao  when  liquefaction 
t»  iiir  udvauued. 


BUb-cultarc  of  llio  Ftukkr-rrior  ),go[lli>»  In  Kelntln.  at  tffi  Ko-lff'  0. 

L  Jlftci  twcnty-faut  bciun.   b.  After  foTty-i'Ji{l>t  bi>ura.   e.  After  mtbdI;- 

t<ru  huun,    d.  After  nlnei;-alx  liuun. 


In  tittb-ciulturfjt  in  ^rolutin  at  tlie  room-tfmp<;raturG, 
liquefaction   is   noticeil   al>oiit   tlie  ii|i|M'r   |iart  of  the 
lle-tmek  in  twenty-four  hours :  tliis'  ^iihiall y  in- 
ontil  at  tlif  expinitiim   of  two  or  three  days 
up|)er  portion  of  the   ^jolatin    haa   bcoome 
a  eloudy  fluid,   wtieroiis  at  the  lower 
the  iiquefartioii  iiro(frc>s.scs  le**H  rap. 
DBcb  more  marked  than  that  seen  as 
j^m&t  of  KocIi'n  sJ>iri]l^l)l,     Indeed, 
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under  these  circumstances  there  is  no  similarity  what- 
ever between  the  growth  of  the  two  orgjinisms.  (See 
a,  6,  c,  rf,  Fig.  81,  and  compare  them  witli  (correspond- 
ing cuts  in  Fig.  78.) 

Ragged,  more  or  h»s8  dense  masses,  fragments  of  the 
colony  proper,  are  usually  se(?n  scattered  through  the 
cloudy  liquefied  gelatin. 

On  nutrient  agar-agar  there  is  nothing  partieuhirly 
characteristic  about  its  growth,  appearing  only  as  a 
moist,  grayish  or  yellowish-gniy  dejK)sit. 

On  potato  a  pale,  yellowish-gniy  deposit  apixnirs; 
after  forty-eight  to  seventy-two  hours  this  lK*eomes 
moist,  glazed,  and  marked  by  lobidations,  and  sur- 
rounded by  an  irregular,  eoh)rless  zon(»  of  growth 
that  is  much  less  moist  than  that  forming  the  central 
area.  It  grows  well  on  potato  at  ordinary  room-tem- 
perature. 

It  causes  liquefaction  of  solidified  blood-serum  and 
of  coagulated  egg-albumin. 

In  milk  to  which  neutral  litnnis  tincture  has  been 
added  the  blue  color  assumes  a  pink  tinge  in  from  two 
to  three  days  at  37°  to  38°  C. 

It  does  not  form  indol. 

It  does  not  cause  fermentation  of  glucose. 

In  peptone  solution  containing  rosolic  acid  the  color 
is  somewhat  deepened  after  four  or  five  days  at  37°  C. 

Experiments  upon  Animai>^. — The  ordinary  meth- 
ods of  inoculation  show  this  organism  to  be  without 
pathogenic  properties.  Injections,  subcutaneous  and 
intravascular  and  directly  into  the  stomach,  give  nega- 
tive results.  When  introduced  into  the  stomach  of 
guinea-pigs  by  the  method  employed  by  Koch  in  his 
cholera  experiments,  Fiukler  and  Prior  had  3  out  of 
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lOaiiiinals,  and  KIM'S!  o  out  of  lo  aiiimulB  ^ 
to  (lie. 

lit  188-5,  !88(i,  ami  1887  Franek'  examined  e 
i-ttscs  tluit  i-liiiicullv  prescDted  tlic  omilition  uf  choUi 
Horfj-cw ;  ill  iiuuc  of  tlicsc  seven  case^  was  the  urgaaial 
of  Fiuklor  ami  Prior,  which  they  rkimed  to  be  i 
(■aii»e  of  (he  disett$e,  fuusd.  In  all  ca«'s  the  n>£ulta  o 
bHoteriolt^ical  exaniinalion,  in  eo  far  as  the  consta 
preiteuce  of  an  oi^iiisni  tliat  might  stand  in  caiu 
relation  to  tin?  iliscase  \n»s  eont-enied,  were  negativi 
Only  the  ordinarii'  iutt-stinnl  bacteria  were  detected.  | 

spirillum  tyrooesrm  (cheese  spirillum  op 
deseke). 

Another  spiral  form.  likeMnee  fonninf;  short,  eomrn 
shaped  segments  in  the  miirsc  of  its  growth  (Fig.  82] 
is  that  found  bv  Deneke  in  old  cheerie.     It  is  a  litt 
smaller  than  Koch's  spirilluni.     It  Is  niutlle  and  1 
but  a  single  tlagelhiin,  attached  to  one  of  \\s  ends, 
liquefies  gelatin  more  mpidly  than  does  Koch's 
ism.     It  possesses  no  characteristic  grouping,  a£ 
seen  in  impression  cover-slips  of  its  colonies.     Itdoi 
not  form  spores.     On  gelatin  plates  its  colonies  devel 
very  rapidly  as  Baucer-«hape<l  depressions ;  after  twentj^ 
four  hours  they  vary  from   1   to  4  mm.  in  transverg 
diameter.     To  the    naked  eye  they  are  almost  tvani 
parent,  and  are  usually  marke<l  by  a  denser  centre  8 
peripheral  zone,  the  space   belwecn  lieing  quite  cle« 
They  are  not  regularly  round  in  all  eases.     A  peonlui 
aromatic   odor  aecomjianies   their  gn>wth   on   gclatii 
Under  l"W  luaguifying  jMiwer  thi!  suiallcst  colonies  a 
irregularly  round  in  outline,  their  boi-ders  being  ofti 
'  Zi-itoclirift  fiir  IlyiikMic.  ItSS.  Iliiuct  iv.  8.  307. 
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rough  and  broken,  and  the  body  of  the  colony  is  fre- 
quently marked  by  cn.'ases  or  ridges  that  ^ve  it  a 
lobulated  appejirance.     The  lat^r  colonies  under  the 


same  lens  apj>ear  as  granular  patches,  a  little  denser  at 
the  pt'ripliery  and  cirutre  than  at  the  intermediate  por- 
tions.    The   periphery  gradually  fades   away  and   no 
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Colony  of  ipirillum  Isrogeiivm  on  gelatin  twenty-four  hours  old. 

distinct  cireunifcreme  can  be  ma<lc  ont.  (See  Fig;.  83.) 
The  colonics  of  an  iuternicdiatc  size,  abont  which  lique- 
faction is  just  bo{;inning  to  be  apparent,  show  a  dense 
granular  centre,  the  c()l(iny  itself,  and  ronnd  about  it 
a  delicate,  gniniilar  developmental  zone. 

In  stab-cultiiros  in  gelatin  liqnc-faction  is  rapid,  caus- 
injr  at  the  eml  of  twenty-four  hours  a  <'iiji-shai>ed  depres- 
sion at  the  top  of  the  needle-track,  the  superficial  area 
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i>r  which  is  a1x>iit  liulC  that  nl'  the  gt'hitin  in  the  tube, 
(Fig.  84,  (I.)     This  liquefying  proci'ss  pprwuls  laterally,] 
ami  at  thi!  vaA  of  forty-eight  hours  (ho  whole  iipixiril 
[iiirtion  of  the  frclatiii  may  Imve  lieeonic  liquid.     {Fig. 
a  4,  /*.)     This  pnxwss  eontiuties  aloiig  ihe  track  of  the  | 
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HUtMnltilrcodJpnelie'aeheffle  spirillum  In  eiJMin.iil  l!Ptoa)°C. 

I.  AlliTtwculir-niiir  hnun.    ft  AlUTf.ifly^lirtil  liuuti.    F.  Arter>ereiitT-twa|| 

boun.   il.  AttcT  nlnvtjt-xlx  luiura. 


iK'wIIe,  anii  after  seventy-two  and  ninety-six  hours  the! 
fiplK'nnini'es  shown  in  Fip.  84,  cand  r/,  will  he  pro<liiced.  1 

There  is  nothing  pnrtieiilarly  eharaoteriBtic  about  itSil 
growth  upon  iigar-ngar. 

On  jmtiitu  n  moist,  glazed,  yellowish,  and,  nt  points, 
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brownish-yellow  growth  apjH^jirs  timt  is  siirroiiiuliHl  l>y  x\ 
drier,  colorless  zone.     It  is  not  lobiilatcil. 

In  milk  containing  neutral  litmus  tincture  a  pink  color 
appears  after  two  to  three  days  at  \M^  (\;  after  four 
days  the  milk  is  almost  decolorized  and  coa<::uIation  of 
the  casein  is  beginning,  with  a  layer  of  clear  wiiey  alM>Yc 
it.  During  the  subsecpicnt  twenty-four  iiours  complett* 
separation  of  the  contents  of  the  tube  into  clot  and  wiiey 
takes  place. 

In  Dunham's  {x^ptone  solution  it  does  not  form  ind(»l, 
and  the  reactiou  for  this  ImkIv  does  not  appear  with 
either  sulphuric  acid  alone  or  |>lus  sodium  uitritt*. 

It  causes  liquefaction  of  both  coagulated  bl<MMl-s4'rum 
and  egg-albumin. 

There  is  no  pellicle  formed  as  a  result  of  its  j^row  tii 
in  bouillon. 

It  d(K»s  not  produce  fcrmentatiou  of  glucose. 

In  rosolic-acid-}H»ptone  solution  its  ^rrowtli  e:iuses  iu- 
tensiiication  of  the  red  color  in  four  or  five  davs  at 
37°  C. 

By  K(K»h's  metlio<l  of  iutrodueiug  <Miltun*s  into  the 
stomach  of  a  guinea-pig  this  org:niisni  p^Mhu'ed  the 
death  of  three  out  of  tift<'en  animals  experimented  upon 
' — the  deaths  being  due  nntst  |>robably  to  the  toxie  net  inn 
of  the  products  of  growth  thai  were  intriNlneed  with  the 
organisms  nither  than  to  any  pathogeni<^  |M»\vers  |Nissessed 
by  the  organism  itself. 

mii.ij:u*h  simuii.lum. 

Another  spirillum  that  has  been   likened  to  that   of 
Ko<'h  is  the  one  (»btained  by  Miller  from  a  eiirious  tooth. 
It  has  so  many  ehamcteristies  in  etMnmon  with  the  or 
g-anism  t>f  Kinkier  aud  IVior  (hat  Miller  was  inclined 
'di 
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to  fonsider  them  identical.      In  morpholugy  tlii-y  are 
iiidititiDguishablc.     (Sep   Fiy.  S5,)     It  grows  rapidly, 


From  agaT-agHr  culture  twenty-rour  lioun 


and,  like  the  spirillum  of  Finkler  mid  Prior,  cuuaes 
rapid  liquefaction  of  gelatin,  nnlh  the  coincident  pro- 
duction of  a  peculiar  aromatic  odor. 

The  colonies  on  gelatin  plates  appear  after  twenty- 
four  hours  as  small,  tninspareut  pitfi  of  lirjuefactiou,  in 
the  centre  of  which  can  be  seen  a  minute  white  point, 
the  colony  itself.  Under  a  low  lens  the  largest  of  these 
points  are  uniformly  granular  and  regularly  round, 
and,  OS  a  rule,  arc  surrounded  by  a  peripheral  zone  a 
little  darker  than  the  central  [wrtion  of  the  colony. 
The  circumference  is  delii^ately  fringed  with  short,  cilia- 
like  prolongations  of  growth  which  are  not,  as  a  rule, 
straight,  hut  are  twisted  in  all  directions  and  can  only 
Iw  detected  upon  very  tareful  examination.  (Sec  «, 
Fig.  86.)  When  locatw!  deep  in  the  gelatin  the  colonicH 
are  round,  sharply  circuniscrihed,  of  a  [lale  yellowish  or 
greenibh-jellow  color,  and  markwl  by  very  delicate  irreg- 
ular linen  or  ridges.  A(\er  forty-eight  hours  tlie  plate 
containing  many  colonies  is  entirely  liijtx'HtHl,  whili-  that 
Lontaintng  only  a  few  allows  the  presence  of  round, 
>-hnrply-cuI.  "hallow  pits  of  liipielaotion  that  measure 
from  2  to  10  mm,  in  diiimetcr.    They  arc  a  little  denser 
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at  the  centre  than  at  the  periphery,  and  the  dense  centre 
is  not  sharply  circumgcribed,  but  fades  off  into  what  has 
the  appearance  of  a  delicate  film.    (See  b,  Fig.  86.)   Aa 


the  colonies  become  older  they  are  sometimes  marked 
by  irregular  radii  extending  from  peripheiy  to  centre, 
like  the  ^iTOkes  of  a  wheel. 

In  stab-cultures  in  gelatin  it  rapidly  produces  lique- 
faction, Iwth  at  tlio  surface  and  along  the  needle-track, 
and  in  most  rci'pects  gives  rise  to  a  ronditiou  very  like 
that  resulting  from  the  growth  of  Finklcr  iind  Prior's 
spirillum,  though  differing  from  it  in  certain  details. 
(See  a,  b,  c,  d.  Fig.  87.) 

On  agar-agur  nothing  of  special  interest  appears  as  a 
result  of  its  development. 

On  potato  its  growth  is  very  like  that  of  the  cholera 
spirillum,  viz.,  it  appears  at  37°  C.  as  a  dry,  white  jttttch 
tliat  lies  quite  flat  upon  the  surface  and  can  often  only 
be  seen  when  the  tube  is  held  to  the  light  at  a  particu- 
lar angle. 

Its  growth  in  bouillon  is  not  characteristic.  It  does 
not  form  a  pellicle. 

It  causes  liquefaction  of  both  coagulated  blood-serum 
and  e^-albumin. 
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U  iKk^  not  produce  in<!ol, 

1(  tWs  not  cHU^  fermenlatiou  of  glnoose. 

It  b  motile. 

Id  niilk  coutaining   blue   litmus  tincture   it  causes 
almost  coinplt^tc  decoloriitatiou  iii  fmin   three   to  four  j 
vltt\-3   at   37°  C,  witJi  coincident  coagulation   of  the 


.    it  After  uliicly-ili 


I'jiwiu   mid    the   formatiou   of  a  lavcr  of  dear  whey  ' 


It  causes  tJie  red  eolor  of  n>solic-at' id -peptone  solu- 
tion to  Imvoiuo  .somewhat  intensified  after  four  or  five 
hours  at  ^7°  C. 
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Of  twenty-one  animals  treated  with  this  organism  by 
Koch's  method  of  inoculation  only  four  died. 

VIBRIO   METCHNIKOVI. 

The  spirillum  that  simulates  very  closely  the  comma 
bacillus  of  cholera  in  its  morjihological  and  cultural 
peculiarities,  but  which  is  still  easily  distinguished  from 
it,  is  that  described  by  Gamaleia '  under  the  name  of 

Fig.  88. 


Mbrio  Metchnikovi  from  agar-agar  culture,  twenty-finir  hours  old. 

vibrio  MetchnikovL  It  was  found  post  moiieni  in  a  num- 
ber of  fowls  that  had  dieil  in  the  {)oul try-market  of 
Odessa,  and  the  experiments  of  the  discoverer  led  him 
to  believe  that  it  was  related  etiological ly  to  the  gastro- 
enteritis from  which  the  chickens  had  been  suffering. 

Morphologically  it  appears  as  short,  curved  rods  and  as 
longer,  spiral-like  filaments.  It  is  usually  thicker  than 
Koch's  spirillum  and  is  at  times  iimch  longer,  while 
agiiin  it  is  seen  to  be  shorter.  It  is  usually  more  dis- 
tinctly curved  than  the  "  comma  bacillus."     (Fig.  88.) 

It  is  supplied  with  a  single  flagellum  at  one  of  its 
extremities,  and  is  therefore  motile. 

It  does  not  form  spores. 

It  is  aerobic. 

Its  growth  upon  gelatin  plates  is  usually  character- 

*  Annalcs  de  I'lnstitut  Pasteur,  1888,  tome  ii.,  pp.  482,  552. 
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izwl,  ucciMtliiig  to  PffiffLT,  by  the  appeaninw  of  two   ■ 
kinds  ol'  liquffying  colimies,  one  strikingly  like  lliose  J 
of  tlie  P'lLkler-Prior  organism,  tlie  other  very  similar  j 
til  those  produced  by  Koch's  comma  bacillus,  though  in  / 
both  cases  the  liquefactinn  reKulting  from  tlie  growth  of 
this  oi^iunism  is  more  energetic  than  that  common  to 
the  spirillum  of  Asiatic  cholera.     After  from  tM-enty- 
Ibnr  to   thirty  hours  the  mc<tiiim-»ize  colonies,  when 
examined  under  a  low  jwwer  of  the  microscope,  show  a 
yellowish-bit  I  wn,  ragged  central  mass  surrounded  by  a 
zone  of  liquefaction  that  is  marketl  hy  a  border  of  deli- 
cate radii.     (Fig.  89.) 


Colony  of  \i 


Ihlrty  hours  a 


In  gelatin  stab-cidtures  the  growth  has  much  the 
same  general  appearance  as  that  of  the  cholera  spiril- 
lum, but  is  exaggerated  in  degree.  The  liqnefaction 
is  far  more  rapid,  and  the  characteristic  appearance 
of  the  growth  is  lost  in  from  tliree  to  four  days. 
(See  a,  b,  c,  tl,  Fig.  90.)  Development  and  liquefaction 
along  the  deeper  parts  of  the  needle-track  arc  much 
more  pronounced  than  is  the  case  with  the  "  comma 
bacillus." 

Its  growth  on  agar-agar  is  rapid ;  after  twenty-four 
to  forty-eight  hours  a  grayish  de]Hisit  appears,  which  has 
a  tendency  to  l>ecome  yellowish  with  age. 

On  potato  at  .17°  C.  its  growth  is  seen  as  a  moist, 
cofiee-colored  ]iatch,  Burroimded  by  a  much  ])aler  zone. 
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The  whole  growth   is  go  smooth  and  glisteDing  that  it  | 
hii.s  soRiewliat  the  iip)icamnco  of  beii)g  varnished. 

In  bouillon  it  qiiiiskly  causes  opacity,  with  flie  ulti-  1 

mate  pro<liiction  ol'  a  delicate  pellicle  upon  the  surface.  , 


1 


1  After  twenty- font 


It  causes  liquefaction  of  blood-senim,  the  liquefied 
area  beinp;  covered  b_v  a  dense,  wrinkled  pellicle. 

When  grown  in  peptone   solution  it   produces  indol 
and  coincidentiv  nitrites,  ho  that  the  rose-oolnred  r 
tion  characteristic  of  indol    is   obtained  by  the  add»>J 
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tion  of  KiLlpliiiri<:  iii-id  uliiiic     Tlio  pnitlucllun  of  imlot] 
by    tliifi    oi^anisiii    is    ueually  gretUcr  thun    that   com 
iiioii  to  the  (H>mma  bacillus  under  tlie  Hamc  i 
atunces. 

Ill  milk  it  cauHCB  an  aoid  rc'a('tioii  with  (HNigiilatioii  of 
the  caseiu.  The  wiagulated  casein  ci)lle<!t8  at  the  bot- 
tom of  the  tube  in  irrogiiliir  masses,  above  which  i 
kyer  of  clear  whey.  If  blue  litmus  has  been  ad 
to  the  milk,  the  coh>r  is  changed  to  pink  in  fi 
twenty-four  to  thirty  hours,  and  after  Jbrty-eight  houi 
decolorizatioii  and  coagulation  occur.  The  clots  i 
casein  are  not  re-dissolved.  After  about  a  week  th) 
acidity  of  the  milk  is  at  it^  maximum,  and  the  org 
isms  quickly  die. 

It  causes  the  n-d  lulor  of  the  rosolic-acid-peptoiri 
solution  to  itccomc  very  much  ilcej^ver  after  four  or  fi\-i 
days  at  37°  C 

It  docs  not  cause  fi-nuentatiori  of  glucose  with  pn 
duotion  of  gas. 

It  is  kilkn]  in  five  minutes  by  a  tern per.i tun'  of  ^tO°  C.l 
(Sternberg,) 

It  is  jmlhogcuic  for  chickens,  pigeons,  an<l  } 
pigs.     Itabbits  and  Tnit^  are  affected  only  by  very  larg 
doses. 

Gamaleia  states  that  chickens  affected  with  the  c 
eraic  gastro-enteritis  of  which  this  oi^nism  is  the  ea 
are  usually  seen  sitting  quietly  with  ruffled  fcathen 
They  suffer  from  diarrhuea,  but  there  is  no  elevatioi 
of  temperature.  Hyperemia  of  the  entire  gastro-ini 
tinal  tract  is  seen  at  autopsy.  The  other  internal  or^ 
do  not,  as  a  rule,  present  anything  abnormal  I 
nuked  eye.  The  intestinal  canal  contains  yel 
fluid  with  which  blood  may  be  mixed.    In  adult  chickens  ■ 
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the  spirilla  are  not  found  in  the  blood,  but  in  young 
ones  they  are  usually  present  in  small  numbers. 

After  the  introduction  into  the  pectoral  muscle  of  a 
very  small  quantity  of  a  culture  of  this  organism 
pigeons  succumb  in  from  eight  to  twenty  hours.  The 
most  conspicuous  post-mortern  lesion  is  found  at  the  site 
of  inoculation.  The  muscle  is  marked  by  yellow, 
necrotic  stripes ;  is  more  or  less  cedematous  ;  is  swollen, 
and  contains  the  vibrios  in  enormous  numbers.  The 
intestines  are  usually  filled  with  fluid  contents,  whi(;h 
may  or  may  not  be  blood-stained ;  the  walls  of  the  in- 
testines are  often  injected  with  blood,  and  occasionally 
markedly  so.  The  conditions  of  the  other  internal 
viscera  are  inconstant.  In  fatal  cases  the  vibrios  are 
present  in  large  numbers  in  the  blood  and  internal 
organs.  In  pigeons  that  survive  inosculation  the  organ- 
isms may  be  found  only  at  the  site  of  inoculation,  or 
very  sparingly  in  the  l>lood  also.  These  animals  usually 
exhibit  immunity  from  subsequent  inoculations.  In 
certain  instancies  the  results  of  infection  are  chronic; 
the  inoculated  pectoral  muscle  atrophies,  the  pigeon  loses 
in  weight  and  finally  dies  after  one  or  two  weeks.  In 
these  cases  the  organisms  are  usually  absent  from  the 
blood  and  internal  organs,  and  may  even  be  absent  from 
the  site  of  inoculation,  or,  if  present,  in  only  very  small 
number. 

Guinea-pigs  usually  die  in  from  twenty  to  twenty- 
four  hours  after  subcutaneous  inoculation.  At  autopsy 
an  extensive  oedema  of  the  subcutaneous  tissues  about 
the  seat  of  inoculation  is  seen,  and  there  is  usually 
a  necrotic  condition  of  the  tissues  in  the  vicinity  of  the 
point  of  puncture.  As  the  blood  and  internal  organs 
of  both  pigeons  and  guinea-pigs  contain  the  vibrios  in 
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lurgo  iiiinihcrfi,   the.  infection    m    these  aniniiilfl  takee^ ' 
tliereffire,  the  form  of  aciitti,  general  Hepticicmia. 

The  blixKl-serum  of  Iwlh  pigeons  and  giiinea-pigB 
that  have  Hiirvive<l  inoculation  with  this  organism — »,  e., 
tliat  have  acquired  immunity  from  it — are  bactericidal 
■in  vUrio  for  this  oi^nism.  It  also  jiosaesses  a  certain 
degree  of  immnuity-conferring  projicrty,  as  may  be 
demonstrated  by  injecting  it  into  normal  pigeons  and 
gninea-pigH  that  are  subsequently  to  he  inoculated  with 
virulent  cultures. 

Very  old  cultures  of  this  organiani  in  bouillon  be- 
come distinctly  alkaline  in  reaction.  At  this  stage  they 
contain  a  toxin  that  is  markedly  active  for  susceptible 
animals.  This  toxin  is  not  dissolved  in  the  fluid  to  any 
extent,  but  is  apparently  in  intimate  association  with  the 
proteid  matters  composing  the  bacteria. 

Grastro-entoritis  may  Iw  produced  in  both  chickens 
and  guinea-pigs  by  feeding  thoni  with  food  with  which 
cultures  of  this  organism  have  been  mixed.    (Gamaleia.) 

In  the  autumn  of  1896  the  author  isolated  from  the 
water  of  the  Schuylkill  Riverat  Philadelphia  o  spirilhim 
tliat  is  pathogenic  for  pigeons  and  guinea-pigs,  and 
that  possesses  so  many  of  the  other  chiiranteristics 
common  to  the  group  of  spirilla  of  which  the  chol- 
era spirillum  is  the  most  im|Mirtant  member,  as  to  justify 
the  opinion  that  they  ape  of  the  same  family.  That  it 
is  not  identical  with  the  eholera  spirillum  is  evident, 
for  the  reason  that  tlie  latter  produces  cholera,  while 
the  vibrio  Scliuylki/lifimM  iMiinileHtly  does  not.' 

'  For  the  delailHl  itmcilption  or  this  organism,  see  Jniirnnl  of  Ei- 
peHmental  Mpiliclnp,  vol.  i.  p.  41!) ;  nlm  Tiaiunctious  of  tho  j^SBOoiittiOB 
QfAinoricnn  Pbj-slclitna,  1890,  vol,  li,  p,  3£M. 
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Note. — Since  the  opidemic  of  cholera  in  Hamburg 
quite  a  number  of  curved  or  spiral  organisms,  some- 
what like  the  cholera  spirillum,  have  been  discovered. 
For  the  descriptions  of  these  i\\Q  reader  is  referred  to 
current  bacteriological  literature. 


CHAPTER  XXIV. 


StaAj  at  iaeiUitt  anlhradt,  andnf  Llie  uirccUpniducud  by  its  !iicKUlulI<ttV 
into  niiiinHl« — PwliUariticB  of  the  urgaiiisui  under  varyiDg  a 
didous  uf  litirruimdiu^B. 

The  discovery  that  the  blofx!  of  animals  sufferingl 
from  aplunic  fever,  or  anthrax,  always  coutained  minuttiil 
itMl-dliaped  lx)dies  (Poilender,  18.55;  Davaine,  1863),I«i.J 
tiiagroupof  in  vest  igntioiiM  that  have  not  oiily  fully  faiiiU^>J 
iarized  us  with  the  nature  of  this  iuala<ly  in  pai 
but  have  perhaps  coiitributc>d  more  inoidentjilly  to  our 
knowledge  of  bacteriology  in  general  than  studies  ujiou 
any  other  single  infective  pnK-ess  or  its  rausative  agent. 

The  direct  outcome  of  these  investigations  is  that  a 
rod-shaped  micro-oi^nism,  now  known  as  baeillm  an- 
Ihracis,  Is  always  present  in  the  blood  of  animals  suffer^ 
ing  from  this  disease ;  that  this  organism  ciin  ht'  iihtaimfl 
from  the  tissiieH  of  t)i(.-se  animals  in  pure  cultures ;  and 
that  these  artificial  cultures  of  baciUun  wdhraciti  i\hen 
introduced  iut^j  the  hodics  of  susceptible  animals  ean 
again  produce  a  condition  identical  with  that  found  in 
the  animal  from  which  they  were  obtained.  The  dis- 
eaub  is  a  true  Bcptiosemia,  and  alVor  donth  the  cjipil- 
larics  throughout  the  body  arc  always  found  to  contain 
the  typical  nxl-shaiied  ui^nism  in  larger  or  smaller 
numbers. 

This  oi^nism,  when  isolated  in  pure  culture,  is  a 
bacillus  which  varies  considerably  in  length,  ranging 
from  short  rods  2  to  3  /<  in  length  to  longer  threads 
20   to   25  /^  in  length.     In    breadth   it   is   from  1   to 
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1.25  fi.     Frequently  very  long   threads,  made    up   of 
several  rods  joined  end  to  end,  are  seen. 

When  obtained  directly  from  the  body  of  an  animal 
it  is  usually  in  the  form  of  short  rods  square  at  the  ends. 
If  highly  magnified,  the  ends  are  seen  to  be  a  trifle 
thicker  than  the  body  of  the  cell  and  somewhat  indented 
or  concave,  peculiarities  that  help  to  distinguish  it  from 
certain  other  organisms  that  are  somewhat  like  it  mor- 
phologically.    (See  Fig.  91.) 

Fio.  91. 


Bacillus  anthracis,  highly  magnified  to  show  swellings  and  concavities  at 

extremities  of  the  single  cells. 

When  cultivated  artificially  at  the  temperature  of  the 
body  the  bacillus  of  anthrax  presents  a  series  of  very 
interesting  stages. 

The  short  rods  develop  into  long  threads,  which 
may  be  seen  twisted  or  plaited  together  like  ropes, 
each  thread  being  marked  by  the  points  of  juncture 
of  the  short  rods  composing  it.  (Fig.  92,  a  and  b.) 
In  this  condition  it  remains  until  alterations  in  its  sur- 
roundings, the  most  conspicuous  being  diminution  of  its 
nutritive  supply,  favor  the  production  of  spores.  When 
this  stage  begins  changes  in  the  protoplasm  of  the 
bacilli  may  be  noticed ;  they  become  marked  by  irregu- 
lar, granular  bodies,  which  eventually  coalesce  into 
glistening,  oval  spores,  one  of  which  lies  in  nearly  every 
segment  of  the  long  thread,  and  gives  to  the  thread  the 


appeimmctt  of  a  string  of  glistening  beatU.  (Fig.  !13.)  J 
In  this  stage  thty  remain  but  a  short  time.  The  chuinsl 
of  spores,  which  are  held  together  by  the  remaina  of  I 


In  (teih  growing 


the  cells  in  which  they  forme<1,  bepome  broken  up,  ami 
eventually  nothing  but  free  oval  8]xires,  and  here  and 
there  the  remains  of  nintnre  banilli  which  have  nnder- 
gone  degenemtive  changes,  can  be  I'uiiml.  Tn  this  con- 
dition the  spores,  capable  of  resisting  deletcrionn  influ- 


Tbre«d8  of  (wcflJw 


ences,  remain  and,  unless  their  snrroundingF-  arc  altered, 
continue  in  this  living,  though  inn<'tive,  condition  for 
a  very  long  time.  If  again  place!  under  fiivorabh: 
conditions,  ciich  spore  will  gcrmiuate  into  a  mature  cell, 
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and  the  same  series  of  cliunges  will  be  repeated  until 
tint  siirroiindingM  become  aguiii  gradually  luifuvorabte 
to  development,  when  spore-formation  again  takes  place. 
Spore-formation  occurs  only  at  teuipfratnres  ranging 
from  18°  to  43°  <.'.,  37.5°  C.  being  the  optimum. 
Under  12°  C.  they  are  not  formed.  This  organism 
does  not  form  spores  in  the  tissues  of  the  living 
animal,  its  usual  eondition  at  this  time  being  that  of 
short  rods ;  occasionally,  however,  somewhat  longer 
forms  may  he  se^'n. 

The  bacillus  of  anthrax  is  not  motile. 

Gbowth  on  Aqar-aqab, — Colonies  of  this  organ- 
ism, as  seen  upon  agar-agar,  present  a  very  typical 
appearance,  from  which  they  have  been  likened  unto 
the  head  of  Medusa.     From  a  central  point  which  is 


Colony  of  tadfitu  anthnuit  on  agar-afnc. 


more  or  less  dense,  consisting  of  a  felt-like  mass  of  . 
long  threads  irregularly  matted  together,  the  growth 
iiontiuues  outward  iipon  the  surface  of  the  agar-agar. 
(Fig.  94.)  It  is  made  np  of  wavy  bundles  in  which 
the  threads  are  seen  to  lie  parallel  or  are  twisted  in 
strands  like  those  of  a  rope ;  sometimes  they  have  a 
plaited  arrangement.  (See  Fig.  92.)  These  bundles 
twist  and  cross  in  all  directions,  and  eventually  dis- 
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appwtr  at  tlic  (xripherj'  of  the  colony.  At  the  ex- 
trt'ini'  periphery  of  the  colonies  it  is  sometimes  jHinsible'J 
to  truco  single  biuidles  of  these  threads  for  long  dia-  1 
tanees  acnww  the  aurfaee  of  the  agar-agar.  The  colony  I 
itself  is  not  eirciimscribeci  in  appearance,  but  is  more  4 
or  les.s  irregularly  fringed  or  ni^od,  or  scalloped.  Tofl 
the  nakixl  eye  they  look  very  niiicli  like  minute  pellicles^ 
of  raw  cotton  that  liave  been  prcsaed  into  the  sur&oefl 
of  the  agar-agar. 

As  the  colonies  continue  to  grow  they  become  mor&'l 
anfl  more  dense  and  opaque,  and  granular  and  rongh  a 
the  surface.     When  touelied  with  a  sterilized  needla 
one  experiences  a   sensation   that   suggests   somewhat  i 
their   matted    structure.      They   are    never    moist  or 
creamy.     The  bit  that  is  token  up  with  the  needle  is 
always  more  or  less  ragged. 

Gelatin, — The  colonics  on  gelatin  at  the  earliest 
stages  also  present  the  same  wavy  appearance ;  but  this 
charact«ristie  siMin  becomes  in  jjart  destroyed  by  the  ^ 
liqiie&ction  of  the  gelatin  which  is  pnxluee<l  by  the  4 
growing  organisms.  This  allows  them  to  sink  to  the  i 
bottom  of  the  fluid,  where  they  lie  as  an  irregular  d 
Through  tlie  fluid  portion  of  the  gelatin  may  he  seen 
small  clumps  of  growing  bacilli,  which  lixik  very  much 
like  bits  of  ctitton-wool, 

Bortl.liON. — In  Ijouillon  the  growth  is  churaefcriaed 
by  the  formation  of  flaky  masses,  wliieli  also  have  very 
much  the  ap|jearance  of  hits  of  mw  cotton.  Micro- 
scopic exaniinati<m  of  one  or  these  flakes  reveals  the 
twisted  and  plaited  arrangement  of  the  long  threads. 

P<yrATn. — On  this  medium  it  develops  rapidly  sis  a 
dull,  dry,  gmnular,  whitish  mat^s  which  is  mori'  or  less 
liniitol  to  the  [Kiint  of  iuui'ulutioM,    On  [Kitato,  at  the 
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temperature  of  the  incubator,  spore-formation  may  be 
easily  observed. 

Stab-  and  Slant-cultures. — Stab-  and  slant-cult- 
ures on  agar-agar  present  in  general  the  appearances 
given  for  the  colonies,  except  that  the  growth  is  much 
more  extensive.  The  growth  is  always  more  pro- 
nounced on  the  surface  than  down  the  track  of  the 
needle. 

On  gelatin  it  causes  liquefaction,  which  begins  on  the 
surface  at  the  point  inoculated  and  spreads  outward  and 
downward. 

It  grows  best  with  access  to  oxygen,  and  very  poorly 
when  the  supply  of  that  gas  is  interfered  with. 

Under  favorable  conditions  of  aeration,  nutrition,  and 
temperature  its  growth  is  rapid. 

Under  12°  C.  and  above  45°  C.  no  growth  occurs. 
Its  optimum  temperature  is  that  of  the  human  body, 
viz.,  37°-38°  C. 

The  spores  of  the  anthrax  bacillus  are  very  resistant  to 
heat,  though  the  degree  of  resistance  varies  with  spores 
of  different  origin.  Von  Esmarch  found  that  anthrax 
spores  from  some  sources  were  readily  killed  by  an  ex- 
posure of  one  minute  to  the  temperature  of  steam, 
whereas  spores  from  other  sources  resisted  this  temper- 
ature longer,  in  some  cases  as  long  as  twelve  minutes. 

Staining. — Anthrax  bacilli  stain  readily  with  the 
ordinary  aniline  dyes.  In  tissues  their  presence  may 
also  be  demonstrated  by  the  ordinary  aniline  stain- 
in^-fluids  or  by  Gram's  method.  They  may  also  be 
stained  in  tissues  with  a  strong  watery  solution  of 
dahlia,  after  which  the  sections  are  decolorized  in  2  per 
cent,  sodium  carbonate  solution,  washed  in  water,  dehy- 
drated in  alcohol,  cleared  in  xylol,  and  mounted  in  bal- 
35 
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sam.  Thi?<  Icavf^  the  Vjaeilli  f^tained,  while  the  tissues 
eiintaining  tliem  are  <lec<>lorizeil ;  or  the  latter  may  he 
Ktaineil  a  rroiitntst-eolor — with  ei>sin,  for  example — ^afti-r 
dehy<lration  in  ahrohol  and  In-fore  elearing  in  xylol.  In 
thirt  ea.se  thej'  must  Ix;  washed  again  in  aleohol  before 
using  the  xylol.  In  a  {>re|)aration  treateil  in  this  way 
the  nid-slia[M'<I  organisms  are  of  a  puqJe  eolor,  and  will 
Fk?  w.*en  in  the  <'a[)illaries  of  the  tissues,  while  the  tissues 
themKelvtrs  an*  of  a  pale  n>s4*  color. 

iNcicrLATiON  INTO  Animai>s. — Intnxluce  into  the 
8ulK;utimeous  tissues  of  the  alxloniinal  wall  of  a  guinea- 
pig  or  rabbit  a  iK>rtion  of  a  pure  culture  of  harilfuji 
anthrnciH,  The  animal  usually  succumbs  in  from  thirtv- 
nix  to  forty-i'ight  hours.  Little  or  no  reaction  at  the 
immediate  |K»int  of  iiKXMilation  will  be  noticed  ;  but 
iM'Vond  this,  extending  for  a  long  <li>taiicc  over  tin* 
abdomen  and  thorax,  the  tissues  will  be  markcdlv 
aHlcmat<»us.  Here  an<l  there,  s<*attercd  thn)ngli  this 
(edematous  tissue,  small  ecchvmos<N  will  be  seen.  The 
underlying  muscl(»s  are  |>ale  in  color.  Inspection  oi'  the 
internal  visceni  reveals  no  v<'rv  marke<l  niacroseo|>i(^ 
changes  except  in  the  s])leen.  This  is  eidnrged,  dark 
in  color,  and  soft.  The  liver  may  present  the  appear- 
ance of  cloudy  swelling  ;  the  lungs  may  be  re<l  or  jiale 
n'<l  in  color  ;  the  heart  is  usually  tilled  with  blood.  No 
other  ehang(»s  can  be  se<*n  by  the  nake<l  eye. 

Prepare  (!over-slip  prei)anitions  from  the  bl<M>d  and 
oth<T  viscera.  They  will  all  be  found  to  contain  short 
rods  in  large  munbers.  Nowhere  can  sjiore-fnnnatinn 
be  detected.  TT])on  microsco])ic  examination  of  see- 
ti(»ns  of  the  orgjins  which  have  been  hardened  in 
al(*<»hol  the  ca])illanes  are  seen  to  be  filled  with  the 
bacilli ;  in  some  places  closely  packed  in  large  num- 
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bi'rs,  at  other  points  fewer  in  niiraber.  Usoally 
tliey  are  present  in  largest  numbers  in  those  tis- 
anes having  tile  grcatCHt  capillary  distribution  and  at 
those  points  at  which  the  circulation  ia  slowest.  They 
are  uniformly  distributed  through  the  spleen.  The 
glomeruli  of  the   kidneys   and    the  capillaries  -of   the 


V         i     \         - 


v'  'V\>v 


lungs  are  frequently  packed  with  them.  The  capillaries  ' 
of  the  liver  contain  them  in  largo  numbers.  (Fig.  95.) 
Hemorrhages,  probably  due  to  rnptui-e  of  capillaries 
by  the  mechanical  pressure  of  the  bacilli  which  are 
developing  within  them,  not  uncommonly  occnr. 
When  these  occur  in  the  mucous  membranes  of  the 
alimentary  trart  the  blooil  may  escape  through  the 
mouth  or  anus;  when  in  the  kidneys,  through  the  uri- 
niferous  tubules. 

Cultures  from  the  different  orgjins  or  from  the  uedeiua- 
tous  fluid  about  the  jioint  of  inoculation  restdt  in  growth 
of  bacidiiH  anlhracig. 

The  amphibia,  dogs,  and  the  majority  of  birds  are 
not  susceptible  to  this   (h'scaae.     liats   are  difficult  to 
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^tear  at  the  periphery  of  the  colony.     At  the  ez- 

troroe  periphery  of  the  coloaies  it  is  sometimes  possible 

race  single  bundles  of  these  Uireads  for  long  dis- 

cee  across  the  surface  of  the  agar-agar.  The  colony 
f  is  not  circumscribed  in  appearance,  but  is  more 

iCSS  irregularly  fringed  or  ragged,  or  scalloped.  To 
naked  eye  they  look  very  much  like  minute  pellicles 

raw  cotton  that  tiave  been  pressed  into  the  surface 

the  agar^gar. 

As  the  colonies  continue  to  grow  they  become  more 
and  more  dense  and  opaque,  and  granular  and  rough  on 
the  surface.  When  touched  with  a  sterilized  needle 
one  experiences  a  sensation  that  suggests  somewhat 
their  matted  structure.  They  are  never  moist  or 
creamy,  Tiie  bit  that  is  taken  up  with  tlie  needle  is 
always  more  or  loss  ragged. 

Gelatin. — The  colonics  on  gelatin  at  the  earliest 
stages  also  present  tlie  same  wavy  a(n>carancc ;  but  this 
characteristic  s<H>n  becomes  in  jMrt  destroyed  by  the 
liquefaction  of  the  gelatin  which  is  pnH]iice<l  by  the 
growing  organisms.  This  alh>ws  them  to  sink  to  the 
bottom  of  the  fluid,  where  tliey  lie  as  an  irregular  mass. 
Through  tiie  fluid  ixtrtion  of  the  gelatin  may  be  atton 
small  chnnps  of  growing  bsicilli,  which  look  very  much 
like  bits  of  cotton-wool, 

Br>uii.ix)N. — In  bouillon  the  growth  is  characterized 
by  the  formation  of  flaky  masses,  which  also  have  very 
much  the  apjiearance  of  bits  of  rjiw  cotton.  Micro- 
scopic examination  of  one  oT  these  flakes  reveals  the 
twisted  and  plaited  arrangement  of  the  long  threads. 

Potato. — On  this  medium  it  develops  rapidly  as  « 

dull,  dry,  granular,  whitish  nia,a.'»,  which  is  more  or  less 

ted  to  the  iH)iut  of  inuLulation,     On  ix)tato,  at  the 
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infect,     Rabbitf,  giiini^a-pigs,  wliite  inice,  gray  hiiiiae-  ] 
mice,  sheep,  and  cattle  are  Kuaceptible.     Infeutioii  imiy  J 
occur  either  through  the  circulation,  through  the  air* 
passages,  thmngli  the  alimentary  tract,  or,  as  we  hav^ 
just  seen,  through  the  suboutjincous  tissues. 

PBOTBCTiVE   INOCULATION. 

The  most  noteworthy  a]>plication  of  artificially  pis 
pared  living  vaccines  to  the  protection  of  anim&I 
against  infection  w  soon  in  connection  with  anthra 
in  sheep  and  in  bovinea. 

By  a  variety  of  procedures  the  virulent  anthi 
bacillus  may  be  in  jiart  or  totally  robbed  of  its  patho- 
genic properties.  It  is  throngh  the  very  mild  cunsti 
tutlonal  disturbance  caused  in  animals  vaccinated  witll 
Buch  weakone<l  cultures  that  protection  Is  often  atfonledl 
against  the  severer,  fretjuently  fatal,  form  of  the  infeo 
tion. 

Without   reviewing  the  various   raethttds  that  hav( 
been   employt.-d  fur  attenuating   the  viridence  of  thi 
organism  to  a  degree   suitable  for  protective  vaccini 
tion.  It  will  suHice  to  say  that  the   most   Hitiafactur] 
results  have  been  obljiined  by  long-continued  enltivi 
tion  (ten  to  thirty  days)  at  a  temperature  of  from  43"i 
to  43"  C.     In  thia  procedure  the  spore-fn-e,  vlrnlen^ 
bacitlun  anthranx,  nbtainwl  dircf'tly  from  Iho  blow}  ( 
a  recently  dead  animal,  iw  brought  at  once  into  sterilea 
nutrkiit  iM'uillon  in  about  twenty  test-tuliea,  which  are 
imnicilialely  placed    in   an  incubator  that  is  irarefniljr 
n'gulut<'(i  to  nminttiin  a  teuiperature  of  42.'''>**  ( '.     There  n 
shoulil  not  be  a  fluctuation  of  over  0,1°  C. 

After  about  a  week  a  tube  is  n-moved  from  the  Incu- 
bator on  each  successive  day  and  its  virulence  tested  at 
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once  on  animals.  The  degree  of  attenuation  experi- 
enced by  the  cultures  grown  under  these  circumstances 
is  determined  by  tests  upon  rabbits,  guinea-pigs,  and 
mice.  The  first  culture  removed  may  or  may  not 
kill  rabbits,  the  most  resistant  of  the  three  animals 
used  for  the  test,  while  it  will  certainly  kill  the  guinea- 
pigs  and  mice ;  after  another  two  or  three  days  rabbits 
will  no  longer  succumb  to  inoculation  with  the  culture 
last  removed  from  the  incubator,  while  no  diminution 
will  as  yet  be  noticed  in  its  pathogenesis  for  the  other 
two  species.  After  four  to  seven  days  more  a  culture 
may  be  encountered  that  kills  only  mice,  the  guinea- 
pigs  escaping ;  while  ultimately,  if  the  experiment  be 
continued,  a  degree  of  attenuation  may  be  reached  in 
which  the  organism  has  not  even  the  power  of  killing 
a  mouse,  though  it  still  retains  its  vitality.  Investiga- 
tion of  these  attenuations  shows  them  to  possess  all 
the  characteristics  of  enfeebled  anthrax  bacilli ;  they 
grow  slowly  and  less  vigorously  when  tninsplanted ; 
they  do  not  form  spores  when  exposed  to  a  high  tem- 
perature ;  and  microscopically  they  present  evidences 
of  degeneration.  When  introduced  beneath  the  skin 
of  animals  they  disseminate  but  slightly  beyond  the 
site  of  inoculation,  and  do  not,  as  a  rule,  cause  the 
general  septicsemia  that  occurs  in  susceptible  animals 
after  inoculation  with  normal  cultures  of  this  organism. 
In  the  practical  employment  of  these  attenuated  cult- 
ures for  protective  purposes  two  vaccines  are  employed. 
These  were  designated  by  Pasteur  as  "first"  and 
"  second  "  vaccines.  The  "  first "  is  the  one  that  killed 
only  the  mice  in  the  preliminary  tests;  while  the  "sec- 
ond "is  that  which  killed  both  mice  and  guinea-pigs, 
but  failed  to    kill    the   rabbit.     When  larger  animals^ 
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KiiL-h  as  sheep  or  rattle,  are  to  be  protecft^  by  vaccin*^! 
tion  with  these  vaccines,  a  subcutaneous  inoculation  of^ 
about  0.3  e.c.  of  the   (irst  vaccine   is   usually  giv( 
This   should   be  practically  without   Doticeable  eSeo 
causing   neither   rise   of   botly-t«mporaturu   nor  otJiegj 
constitutional  or  local   symptoms.     After  a  period  t 
about  two  weeks  tlic  second  vaccine  is  injected  in  ( 
same  way ;   this   may  or  may  not  cause  disturbantri 
In  the  event  of  its  doing  so  the  symptoms  nre  rardjl 
alarming,  and,  if  the  vaccines  have  Iwen  properly  pre 
pared  and  tested  before  use,  they  diaapjicar  within  i 
short  time  after  the  injection. 

In  the  lai^  majority  of  eases  sheop,  Imvines 
and  mules  may  be  safely  protected  against  anthrax  bfi 
the  careful  practice  of  this  method. 


RXPERIMEST8. 

Prepare  tlirw  cultures  of  anthrax  bai 


iiii- 


gelatin,   one   upon   agar-agar,   and    one   upon    potato 
Allow  the   gelatin  culture  to  remain  at  the  onlini 
temperature  of  the  room,  place  the  ag-ar-a^ar  cnltm 
in  the  incubator,  and  the  potato  culture  at  a  t^^mpen 
ature   not  al>ovo  18°  to   20°  C.     Prepare   cover-s 
from   each    from   day  to  day.     What  differences   i 
observed  ? 


Prepare  two  potato  cultures  of  the  nnthi-ax  baelllus.  I 
Place  one  in  the  incubator  and  maintain  the  other  at  aJ 
temperature  of  from  18°  to  20°  C.  Examine  them  j 
each  day.     Do  they  develop  in  the  same  way  ? 


From  a  fresh  culture  of  anthrax  bacilli,  in  which 
spore-formation  is  not  yet  begun  (which  is  the  surest 
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source  from  which  to  obtain  non-'Spore'bearing  anthrax 
bacilli),  prei)are  a  hanging-drop  preparation ;  also  a 
cover-slip  preparation  in  the  usual  way  and  stain  it 
with  a  strong  gentian- violet  solution;  and  another 
cover-slip  prepanition  which  is  to  be  drawn  through 
a  flame  twelve  to  fifteen  times,  stained  with  aniline 
gentian-violet,  washed  in  iodine  solution  and  then 
in  water.  Examine  these  microscopically.  Do  they 
all  present  the  same  appearance?  To  what  are  the 
differences  due? 

Do  the  anthrax  threads,  as  seen  in  a  fresh,  growing, 
hanging  drop,  present  the  same  morphological  appear- 
ance as  when  dried  and  stained  upon  a  cover-slip? 
How  do  they  differ? 

Liquefy  a  tube  of  agar-agar,  and  when  it  is  at  the 
temperature  of  40®  to  43®  C.  add  a  very  minute  quan- 
tity of  an  anthrax  culture  which  is  far  advanced  in  the 
spore-stage.  Mix  it  thoroughly  with  the  liquid  agar- 
agar  and  from  this  prepare  several  hanging  drops  under 
strict  antiseptic  precautions,  using  the  fluid  agar-agar 
for  the  drops  instead  of  bouillon  or  salt-solution.  Select 
from  among  these  preparations  that  one  in  which  the 
smallest  number  of  spores  are  present.  Under  the 
microscope  observe  the  development  of  a  spore  into  a 
mature  cell.  Describe  carefully  the  developmental 
stages. 

Prepare  a  1  :  1000  solution  of  carbolic  acid  in  bouil- 
lon. Inoculate  this  with  virulent  anthrax  spores.  If 
no  develo[)nient  occurs  after  two  or  three  days  at  the 
temperature  of  the  thermostat,  prepare  a  solution  of 
1:1200,   and   cimtinue    until  the  point   is  reached   at 
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which  tlic  amount  of  carbolic  acid  present  juxl  {>ermit8 
of  the  clpvelopnifut  of  the  sixirea.  When  the  proper 
dilution  is  reacht-d  prepare  a  dozen  of  such  tubes  and 
inoculate  one  of  them  with  virulent  anthrax  spores. 
As  soon  as  development  is  well  advanced  transtl-r  a 
lotipful  from  thiB  tube  into  a  second  of  the  carbolic  acid 
tulles;  when  this  has  develojicd,  then  from  this  into  a 
third,  etc.  After  five  or  six  generations  have  been 
treated  in  this  way  study  the  spore-production  of  the 
organisms  in  that  tube.  If  it  is  normal,  continue  to 
inoculate  from  one  carbolic  acid  tube  to  another,  and 
sec  if  it  is  possible  by  tliis  means  to  influence  in  any 
way  the  production  of  spores  by  the  ot^nisin  with 
which  you  are  working.     What  is  the  effect,  if  any? 

Prepare  two  bouillon  cultures,  each  from  one  drop  of 
blood  of  an  animal  dead  of  anthrax.  (Why  from  the 
blood  of  an  animal  and  not  from  a  culture?)  Allow  one 
of  them  to  grow  for  from  fourteen  to  eighteen  hours  in 
the  incubator ;  allow  the  other  to  grow  at  the  same  tem- 
perature for  three  <ir  four  days.  Remove  the  first  tube 
after  the  time  mentioned  and  subject  it  to  a  temiK'rature 
of  80°  ('.  for  thirty  minutes.  At  the  end  of  this  time 
prepare  four  plates  from  it.  Make  each  plate  with  one 
drop  from  the  heated  bouillon  culture.  At  the  end  of 
three  or  four  days  treat  the  second  tube  in  identically 
the  same  way.  How  do  the  number  of  colonies  which 
develop  from  the  two  cultures  compan'?  Wns  there 
any  difference  in  the  time  ri-quired  for  their  dcvelop- 
raent  on  the  philes? 

From  a  potato  culture  of  anthrax  bacilli  whieb  has 
been   in   the   incubator  for  tho'c  or   four  days  scrape 
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away  the  growth  and  carefully  break  it  up  in  10  c.c. 
of  sterilized  physiological  salt-solution.  The  more 
thoroughly  it  is  broken  up  the  more  accurate  will  be  the 
results  of  the  experiment.  Place  this  in  a  bath  of  boil- 
ing water,  and  at  the  end  of  one,  three,  five,  seven,  and 
ten  minutes  make  plates  upon  agar-agar  each  with  one 
loopful  of  the  contents  of  this  tube.  Are  the  results 
on  the  plates  alike  ? 

Determine  the  exact  time  necessary  to  sterilize  ob- 
jects, such  as  silk  or  cotton  threads,  on  which  anthrax 
spores  have  been  dried,  by  the  steam  method  and  by 
the  hot-air  method. 

Prepare  a  bouillon  culture  from  the  blood  of  an  ani- 
mal just  dead  of  anthrax.  After  this  has  been  in  the 
incubator  for  from  three  to  four  hours  subject  it  to  a 
temperature  of  55°  C.  for  ten  minutes.  At  the  end 
of  this  time  make  plates  from  it  and  also  inoculate  a 
rabbit  subcutancously  with  it.  What  are  the  results? 
Are  the  colonies  on  the  plates  in  every  way  charac- 
teristic ? 

Inoculate  six  Erlenmeyer  flasks  of  sterile  bouillon, 
each  containing  about  35  c.c.  of  the  medium,  from 
either  the  blood  of  an  animal  just  dead  of  anthrax  or 
from  a  fresh  virulent  culture  in  which  no  spores  are 
formed. 

Place  these  flasks  in  the  incubator  at  a  temperature 
of  42.5®  C.  At  the  end  of  five,  ten,  fifteen,  twenty, 
twenty-five,  or  more  days  remove  a  flask.  Isabel 
each  flask  as  it  is  taken  from  the  incubator  with  the 
exact  number  of  days  that  it  has  been  at  the  tempera- 


fi06  BACTERIOLOGY. 

liin-  of  42.5°  C.  Study  each  flask  carefully,  both  in] 
its  culture-peculiarities  and  in  its  pathogenic  propertiesl 
when  employed  oa  animals. 

Are  tlieae  cultures  identical  Id  all  respects  with  those  ■' 
that  Jiave  been  kept  at  37°  C?  I 

If  they  differ,  in  what  respect  is  the  difference  moat 
conspicuous  ? 

Should  any  of  the  animalB  survive  the  inoculatioiw  ^ 
made  from  the  different  cultures  in  the  foregoing  ex-* 
periineiit,  note  carefully  which  one  it  is,  ami  after  ten  J 
to  twelve  days  repeat  the  inoculation,  ut^ing  the  same] 
culture;  if  it  again  survives,  inoculate  it  with  the  cult- 
ure preceding  the  one  just  used  in  the  order  of  rcmo\'al  j 
from  the  incubator ;  if  it  still  survives,  inoculate  it  with  k 
virulent  anthrax.  What  is  the  result?  How  is  the] 
result  to  be  explained?  Do  tlie  cultures  which  were'l 
made  from  these  flasks  at  the  time  of  their  removal;] 
fn>m  the  ineultaturs  act  in  the  same  way  towanl  animals  'j 
as  tile  organisms  growing  in  the  Husks  ?  la  the  actioa .  ] 
of  each  of  these  cultures  the  same  lor  mice,  guinea-pigs,  | 
and  rabbits? 


Prepare  a  2  per  cent,  solution  of  sulphuric  acid  ini 
distilled  water;  suspend  in  this  a  number  of  unthntx  .1 
spores ;  at  the  end  of  three,  six,  ami  nine  days  at  U5°  0.  ) 
inocuhtte  Iwth  a  guinea-pig   and   a.   rabliit,      Pre|>are  ] 
cultures  from  this  sns]H-nsion   on  the  thini,  sixth,  and 
ninth  days;  when  the  cultures  Imve  developed  inoculate  | 
a  rabbit  aud  a  giiinen-pig  from  the  culture  made  on  the  I 
ninth  day.    Should  the  animalu  survive,  inoculate  them 
again  afler  thrive  nr  four  days  with  a  cultun'  made  on 
the  sixth   tlay.      I>o   the   results  appear  in  any  way 
petMiIiar? 


CHAPTER    XXV. 

The  most  important  of  I  he  orgaiiisuis  fouud  in  the  soil — The  nitrify- 
ing bacteria — The  bacillus  of  tetanus — The  bacillus  of  malignant 
oedema — The  bacillus  of  symptomatic  anthrax. 

THE   NITRIFYING   BACTTERIA. 

By  the  employment  of  bacteriological  methods  in 
the  study  of  the  soil  much  light  has  been  shed  upon 
the  cause  and  nature  of  the  interesting  and  momen- 
tous biological  phenomena  there  constantly  in  prog- 
ress. Of  tliese,  the  one  that  is  of  the  greatest  im- 
portance comprises  those  changes  that  accompany  the 
widespread  process  of  disintegration  and  decomposi- 
tion, to  which  reference  has  already  been  made.  (See 
Chapter  I.)  This  resobition  of  dead  complex  organic 
compounds  into  simpler  structures  that  are  assimilable 
as  fooil  by  growing  vegetation  is  dependent  upon 
the  activities  of  bacteria  located  in  tlie  superficial 
layers  of  the  ground.  It  is  not  a  simple  process, 
brought  about  by  a  single,  specific  species  of  bacteria ; 
but  rej)resents  a  series  of  metabolic  alterations,  each 
definite  step  of  which  is  most  probably  the  result  of 
the  activities  of  different  species  or  groups  of  species, 
acting  singly  or  together  (symbiotically).  Our  knowl- 
edge upon  the  subje(^t  is  not  sufficient  to  permit  us  to 
follow  in  detail  the  manifold  alterations  undergone 
by  dead  organic  material  in  the  prcK'ess  of  decomposi- 
tion that  results  in  its  conversion  into  inorganic  com- 
pounds, with  the  formation  of  carbonic  acid,  ammonia, 
and  water  as  the  conspicuous  end-pnxlucts.     It  suffices 
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U>  siiy  tliat  wliorcver  dcml  organic  matUTs  are  exposed^ 
in  the  iiction  of  the  great  group  of  sapropbytit?  bacteria^v 
iu  which  are  found  tuauy  diJTcrcnt  spci.>ies,  the  altera^X 
tioiiB  through  which  they  pass  are  ultimately  charsctfflwa 
ized  by  the  appearance  of  these  three  bmlies.     When  tlu 
process  of  deeonijwsition  occurs  in  the  soil,  however,  i^ 
does  not  n^ase  at  thi^  point,  but  we  find  still  furtlu 
alterations  —  alterations   concerning  more   particularin 
the  ammouia.     This  change  in  ammonia  is  charact 
ized  by  tlic  products  of  its  oxidation,  viz.,  by  the  f 
mation  of  nitrous  and  nitric  acida  and  tht-ir  salts ;  it  {■ 
not  a  result  of  iho  direct  action  of  atmospheric  oxygi 
upon  the  ammonia,  but  occurs  through  the  instnimeOi 
tality  of  a  special  group  of  saprophytes  known  as  1 
vUrifying  organisms.     They  are  found  in  the  most  sup< 
licial  layers  of  the  ground,  and  though  more  commtH 
in  some  places  than  in  others,  they  are,  neverthelef 
present   over  the   entire  surface   of    the   earth, 
most  conspicuous  example  of  the  functionid  activity  o 
this  specific  form  of  soil  organism  is  scon  in  the 
mense  saltpetre-beds  of  Cliili  and  Pern,  wliere,  by  thi 
activities  of  these  mienfflcopic  plants,  nitrates  arc  pro 
duccd  from  the  ammouia  of  tlie  ftec^l  evacuations 
sea-fowl  in  such  enormous  <piantities  as  to  form  th( 
source  of  supply  of   this  article  for  the   eommerctal 
world.     A  more  familiar  example,  though  hardly  upoal 
such  a  great  scale,  is  seen   in  the  decomposition  and^ 
subsequent  nitrificatinn  of  the  oi^nic  matters  of  sew- 
age and  other  impure  waters  in  the   process  of  puri- 
tioation  by  filtration  through  the  soil,  a  process  in  which 
it  is  poasiblc  to  follow,  by  chemical  means,  the  organic 
matter.'*  from  their  condition  an  such  through  their  con- 
spicuous modifications  to  Uioir  ultimate  couvi-rsion  into 


THE  NITRIFYING  BACTERIA.  509 

ammonia,  nitrous  and  nitric  acids.  In  fact,  the  same 
breaking  down  and  building  up,  resulting  ultimately 
in  nitrification,  occurs  in  all  nitrogenous  matters  that 
are  deposited  uix)n  the  soil  and  allowed  to  decay.  It  is 
largely  through  this  means  that  growing  vegetation 
obtains  the  nitrogen  necessary  for  the  nutrition  of  its 
tissues,  and  when  viewed  from  this  standpoint  we  ap- 
preciate the  importance  of  this  process  to  all  life,  ani- 
mal as  well  as  vegetable,  upon  the  earth. 

These  very  important  and  interesting  nitrifying 
organisms,  of  which  there  appear  to  be  several,  have 
been  the  subject  of  much  study,  and  are  found  to 
possess  peculiarities  of  sufficient  interest  to  justify  a 
brief  description.  For  a  long  time  all  eflTorts  to  iso- 
late them  from  the  soils  in  which  they  were  believed 
to  be  present,  and  to  cultivate  them  by  the  processes 
coiuraonly  employed  in  bacteriological  work,  resulted, 
in  failure ;  and  it  was  not  until  it  was  found  that 
the  ordinary  methoils  of  bacteriological  research  were 
in  no  way  applicable  to  the  study  of  these  bacteria 
that  other,  and  ultimately  successful,  methods  were  de- 
vised. By  these  special  devices  nitrifying  bacteria, 
capable  of  oxidizing  ammonia  to  nitric  acid,  have  been 
isolated  and  cultivated,  and  the  more  important  of  their 
biological  peculiarities  recorded  by  Winogradsky  in 
Switzerland,  by  G.  C.  and  P.  F.  Frankland  in  Eng- 
land, and  by  Jordan  and  Richards  in  this  country. 
From  the  similarity  of  the  properties,  given  by  these 
several  ol)serv(»rs,  of  the  nitrifying  organisms  isolated 
by  them,  it  seems  likely  that  they  have  all  been  work- 
ing with  either  the  same  organism  or  very  closely  allied 
species. 

The  organism  generally  known  as  the  nitro-monas  of 
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fh*r  uu'HU'  ty»UiU\**i\\Y  *-r:.j»;<.»y»^l  t..  ^jcirute  different 
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Hii''|H'iid«'d  in  a  littl**  di-till«*d  \vat«T  ami  stcrilizi-d  hv 
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Kurfan-  of  fh<"  layr  of  nia'jii'-iinn  <*arlK)nat«'  and  tnms- 
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nM'4liiim    <|«M-.   not    otf^r   *'on(|i(ion>    iavorahh*    to    tln' 
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growth  of  bacteria  requiring  organic  matter  for  their 
development,  those  that  were  originally  introduced  with 
the  soil  quickly  disappear,  and  ultimately  only  the  nitri- 
fying organisms  remain.  These  are  seen  as  an  almost 
transparent  film  attached  to  the  clumps  and  granules  of 
magnesium  04irbonate  on  the  bottom  of  the  flask. 

For  their  cultivation  upon  a  solid  medium  Winograd- 
sky  employs  a  mineral  gelatin,  the  gelatinizing  principle 
of  which  is  silicic  acid.  A  solution  of  from  3  to  4  per 
cent,  of  silicic  acid  in  distilled  water,  and  having  a  spe- 
cific gravity  of  1.02,  remains  fluid  and  can  be  preserved 
in  flasks  in  this  condition.  (Kiihne.)  Gelatinization  oc- 
curs after  the  addition  of  certain  salts  to  such  a  solution, 
and  will  be  more  or  less  complete  acconling  to  the  pro- 
portion of  salts  adde<l.  The  salts  that  have  given  the 
best  results  and  the  method  of  mixing  them  are  as  fol- 
lows : 

(  Ammonium  sulphate 0.4  gramme. 

a  I  Magnesium  sulphate 0.05      " 

(  Calcium  chloride trace. 

{  Potassium  phosphate 0.1  gramme. 

6  \  S«Klium  carhonute 0.6  to  0.9 

(  Distilled  water 100  c.c. 

The  sulphat<»s  and  chloride  (a)  are  mixed  in  50  c.c. 
of  the  distilled  water,  and  the  phosphate  and  cnirbonate 
{1))  in  the  remaining  50  c.c,  in  sepirate  flasks. 

liich  flask  is  then  sterilizeil  with  its  contents,  which 
after  cooling  are  mixed ;  the  mixture  representing  the 
solution  of  mineral  salts  is  to  be  added  to  the  silicic 
acid,  little  by  little,  until  the  pn)per  degree  of  consist- 
ency is  obtained  (that  of  ordinary  nutrient  gelatin). 
This  part  of  the  process  is  best  conducted  in  a  culture- 
dish.  If  it  is  desired  to  separate  the  colonies,  as  in  an 
ordinary  plate,  the  inoculation  and  mixing  of  the  mate- 
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rial  introduced  mtist  be  doue  l>ef<irc  gi-latioization  lat^ 
complete ;  if  the  material  is  to  be  diHtributcd  over  onlj^' 
the  surface  of  the  medium,  then  the  mixture  must  fi 
be  allowed  tn  solidify. 

By  the  use  of  the  silicate-gelutiu  Winiigmdsky  hitfl 
isfilatet]  fmm  the  gelatinous  film  in  tlie  bottom  of  iiuidt 
undergoing  nitrification  a  bacillus  which  he  believes  to  bC-J 
associated  with  the  nitro-monas  in  the  nitrifying  pro 

Our  kuowledge  of  these  organisms  is  afl  yet  too  imJ 
perfect  to  jjcrmlt  of  a  (joniplete  description.     What  h 
been  said  will  serve  to  indicate  the  direction  in  whiol 
fiirtber  studies   of  the   subject   should   be   prosecute 
(For  further  details,  the  reader  is  referred  to  the  ori^ni 
contributions  and  to  current  literature  on  the  subject.')  i 

In  addition  to  the  bacteria  eoncenied  in  decompo^tio 
and  nitrification  tiiero  are  octuttionally  present  in  I 
soil  microHU^misms  possessing  disease-producing  pro 
erties.  Conspicuous  among  these  may  be  mentioned 
the  baeillns  of  malignant  redema  {vibnon  sqiHqae  i 
the  French),  the  bacillus  of  tetanus,  and  tlie  baeilliH 
of  symptomatie  anthrax  (Rniuicltbrajid  (Ger.) ;  clinri 
ni/mjA.i}iiuitii]n<:.  (Fr.)).  It  is  sometimes  due  to  the  pre 
ence  of  one  or  the  other  of  these  oi^ni.sms  that  woum 
to  which  soil  luis  had  access  (ornshed  wounds  from  1 
wheels  of  cars  or  wagons,  wounds  receivwl  in  HgricuJtuni 
work,  etc.)  arc  followed  by  such  gmve  consequences. 

'  Wiiii-gnuUk; :  AuDaleaderiiiBtiiiit  riutcur,  1891),  lumuiv. ;  tSBl,    I 

JonUii  an<l  Klrhardst  Kcporl  »r  Stnia  Rninl  <•(  HmUIi  cif  Mh8s»- 
oliuspllB,  "  Piiriflmtion  of  Scwniii'  ami  Water,''  ISBO,  vol.  ii.  p.  sru. 

FniiiUHDd.  G.  C.  anil  P.  T.:  I'rucrt'dinSB  of  Knyal  Suclcly,  I«n(1nn. 
1890.  xlvii. 

WinoRntdBky  and OmeKnOBh; :  "Uabcrilon  Elnflumdur  nrttnniwilon 
SubslaiiKonaiirdur  nrbuitdpr  iiimflzioiciulraMlkrobcii,"  L^utralbUtt 
fiir  Bnklcriolugie,  1890,  Abt,  ii.  B.I.  v,  8, 33S, 
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THE    BACILLUS   OF   TETANUS. 

In  1884  Nicolaier  produced  tetanus  in  mice  and  rab- 
bits by  the  subcutaneous  inoculation  of  particles  of 
garden-earth,  and  demonstrated  that  the  pus  produced 
at  the  point  of  inoculation  was  capable  of  reproducing 
the  disease  in  other  mice  and  rabbits.  He  did  not  suc- 
ceed in  isolating  the  organism  in  pure  culture.  In  1884 
Carle  and  Rattone,  and  in  1886  Rosenbach,  demon- 
strated the  infectious  nature  of  tetanus  as  it  occurs  in 
man  by  producing  the  disease  in  animals  by  inoculating 
them  with  secretions  from  the  wounds  of  individuals 
affected  with  the  disease.  In  1889  Kitasato  obtained 
the  bacillus  of  tetanus  in  pure  culture,  and  described 
his  method  of  obtaining  it  and  its  biological  peculiarities 
as  follows : 

Method  of  Obtaining  It. — Inoculate  several  mice 
subcutaneously  with  secretions  from  the  wound  of  a 
case  of  typical  tetanus.  This  material  usually  contains 
not  only  tetanus  bacilli,  but  other  organisms  as  well,  so 
that  at  autopsy,  if  tetanus  results,  there  may  be  more  or 
less  suppuration  at  the  seat  of  inoculation  in  the  mice. 
In  order  to  separate  the  tetanus  bacillus  from  the  others 
that  are  present  the  pus  is  smeared  upon  the  surface 
of  several  slanted  blood-serum  or  agar-agar  tubes  and 
placed  at  37^  to  38°  C.  After  twenty-four  hours  all 
the  organisms  will  have  developed,  and  microscopic 
examination  will  usually  reveal  the  presence  of  a  few 
tetanus  bacilli,  recognizable  by  their  shape,  viz.,  that  of 
a  small  pin,  with  a  spore  representing  the  head.  After 
forty-eight  hours  at  38®  C.  the  culture  is  subjected  to  a 
temj)erature  of  80°  C.  in  a  water-bath  for  from  three- 
quarters  to  one  hour.     At  the  end  of  this  time  series  of 
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tniide  witli  very  f. 


I  amounts  of  tlie  culturt:  and  kei 


ill  an  ntinosplicre  of  hydrogen  (seepage  220),  Thej 
are  then  kejrt  at  frora  18°  to  20°  C,  and  at  the  ( 
of  nbout  u  wcok  the  tetanus  bacillus  liegins  to  appear 
ill  the  form  of  eolnnies.  After  about  ten  days  the 
eolonies  should  not  only  be  examined  microscopieally, 
but  eaeh  colony  that  liaa  developed  in  the  hydrogen 
atmoMphore  should  be  obtained  in  pure  eultnre  and 
again  grown  under  the  same  conditions.  The  colonies 
that  gn»w  only  without  oxygen,  and  which  are  com- 
posed of  the  pin-Rhaped  organianis,  must  l>e  tested  upon 
mice.  If  they  represent  growths  of  the  tt'tanus  baeiUue, 
the  typical  clinical  manifestations  of  the  disease  will  be 
produced  in  these  animals. 

In  obtaining  the  organism  from  the  soil  mueh  diES- 
culty  is  experienced.  Here  are  eneoiuit*rod  a  number 
of  Bpore-beuring  organisms  that  are  faculfcitive  in 
their  relation  to  oxygen,  and  are  therefore  very  difficult 
to  eliminate ;  and  there  is,  moreover,  one  in  particular 
that,  like  the  tetanus  bacillus,  forms  i\  polar  spore. 
This  spt)re  is,  however,  less  round  and  nuieh  nion;  oval 
than  that  of  the  ti?tanus  bacillus,  and  gives  to  the 
organism  containing  it  more  the  shajK;  of  a  javelin  (or 
clo^ridiiim,  properly  speaking)  than  that  of  a  pin,  the 
characteristic  shape  of  the  sporc-hoaring  tetiinns  organ- 
ism. It  is  nonpathogenic,  and  grows  both  with  and 
without  oxygen,  anil  should,  consequently,  not  be  mis- 
taken for  the  hitter  bacillus.  It  must  also  be  borne  in 
mind  that  there  are  occasionally  present  in  the  soil  still 
other  bacilli  which  form  jmlar  spores,  and  which",  when 
in  this  stage,  are  almust  ideuticai  in  appearance  with 
the  tetanus  bacillus;  but  they  will  usually  lie  found  to 
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differ  from  it  in  their  relation  to  oxygen,  and  they  are 
also  without  disease-producing  projxirties. 

MoRPHOLOCiY. — In  the  vegetating  stage  it  is  a  slen- 
der rod  with  rounded  ends.  It  may  appear  as  single 
nxls,  or,  in  cultures,  as  long  threads.  It  is  motile,  though 
not  actively  so.  The  motility  is  rendered  somewhat 
more  conspicuous  by  examining  the  organism  upon  a 
warm  stage. 

Fig.  96. 


B 


BadUus  tdani.  a.  Vegetative  stage,  b.  Spore-stage,  showing  pin-shapes. 


At  the  temperature  of  the  body  it  rapidly  forms 
spores.  These  are  round,  thicker  than  the  cell,  and 
usually  occupy  one  of  its  poles,  giving  to  the  rod  the 
appearance  of  a  small  pin.  (Fig.  96.)  When  in  the 
spore-stage  it  is  not  motile. 

It  is  stained  by  the  ordinary  aniline  stain ing-reagents. 
It  retains  the  color  when  stained  by  Gram's  method. 

Cultural  Peculiarities. — It  is  an  obligate  anae- 
robe, and  cannot  be  brought  to  development  under 
access  of  oxygen.  It  thrives  in  an  atmosphere  of 
pure  hydrogen,  but  not  in  one  of  carbonic  acid. 
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It  growa  in  onliiiarj-  ontrii'Dt  gelatin  uiul  agar- 
of  a  slightly  alkaline  reaction.  Gelatin  la  ulinvly  liqiie- 
fitnl,  with  the  coincident  production  of  a  small  amount 
of  gas.  Neither  agar-agar  nor 
blood-serum  in  liquefied  hy  its 
gn>wth. 

The  addition  to  the  metlia  of 
from  ]  .6  to  2  pet  cent,  of  glncose, 
0.1  per  cent,  of  indigo-sodium 
sulphate,  or  5  per  cent,  by  volume 
of  blue  litmus  tincture  favors  its 
growth. 

It  grows  well  In  alkaline  bouil- 
lon imder  an  atmosphere  of  hy- 
drogen. 

Under  artificial  conditions  it 
may  be  cultivated  through  nu- 
merous generations  without  loss 
of  virulence. 

Appearance  of  the  Coijo- 
NiES. — Colonies  of  banlhis  tdani 
on  gelatin  imder  an  atmosphere 
of  hydrogen  have,  in  their  early 
stages  somewhat  the  apjHarance 
of  the  colonies  of  the  eommcHi 
baciUna  nubtiUn  in  their  earliest 
stages,  viz.,  they  have  a  dense, 
felt-like  centre  surrounded  by  a 
fringe  of  delicate  radii.  The 
I  iqut'f action  is  w)  slow  that  the 
appearance  is  retained  for  a  rela- 
tively long  time,  but  eventually 
Iieconies  altere<l.      In   veiy   old 


bkcUIni  ffmtAnjt.  nM.mnde 
by  dlittlbutlDR  tlio  oriEBn- 
li>rn>  thrinijrh  n  liihu  n«*rly 
Hllwl  with  g1■lnlat^-lI■'l- 
■tln.  Cullivitlon  Id  an  nv 
InOEplitre  iif  hj^ilrOKIrn, 
(Fruta        Fhahkkl       ■ni) 
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colonies  the  entire  mass  is  made  up  of  a  number  of 
distinct  threads  that  give  it  the  appearance  of  a  com- 
mon mould.     (See  Fig.  97.) 

In  stab-cultures  made  in  tubes  about  three-quarters 
filled  with  gelatin  growth  begins  at  about  1.5  to  3  cm. 
below  the  surface,  and  gradually  assumes  the  appearance 
of  a  cloudy,  linear  mass,  with  prolongations  radiating 
into  the  gelatin  from  all  sides.  Liquefaction  with  coinci- 
dent gas-production  results,  and  may  reach  almost  to 
the  surface  of  the  gelatin. 

Relation  to  Temperature  and  to  Chemical 
Agents. — It  grows  best  at  a  temperature  of  from 
36°  to  38°  C. ;  gelatin  cultures  kept  at  from  20°  to 
25°  C.  begin  to  grow  after  three  or  four  days.  In  an 
atmosphere  of  hydrogen  at  from  18°  to  20°  C.  growth 
does  not  usually  occur  before  one  week.  No  growth 
occurs  below  14°  C.  At  the  temperature  of  the  body 
spores  are  formed  in  cultures  in  about  thirty  hours, 
whereas  in  gelatin  cultures  at  from  20°  to  25°  C.  they 
do  not  usually  appear  before  a  week,  when  the  lower 
part  of  the  gelatin  is  quite  fluid. 

Spores  of  the  tetanus  bacillus  when  dried  upon  bits 
of  thread  over  sulphuric  acid  in  the  desiccator  and  sub- 
sequently kept  exposed  to  the  air,  retain  their  vitality 
and  virulence  for  a  number  of  months.  Their  vitality 
is  not  destroyed  by  an  exposure  of  one  hour  to  80°  C. ; 
on  the  other  hand,  an  exposure  of  fiv^e  minutes  to 
100°  C.  in  the  steam  sterilizer  kills  them.  They  resist 
the  action  of  5  per  cent,  carbolic  acid  for  ten  hours,  but 
succumb  when  exposed  to  it  for  fifteen  hours.  In  the 
same  solution,  plus  0.5  per  cent,  of  hydrochloric  acid, 
they  are  no  longer  active  after  two  houi^.  They  are 
killed  when  acted  upon   for  three  hours  by  corrosive 
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siililiinuto,  1  :  1000,  ami  in  thirty  niiuiiUiK  by  tlie  i 
soliitioQ  plus  0,5  piT  cent,  of  hydnwliliiric  acid. 

A<T[()N  uroN  Animals. — Atler  siilwiitaneoiis  iiH 
latioii  of  niic<?  with  tiiiiititc  iHtrtioiiH  of  a  pure  culti 
of  this  orgaiiisiii  tetanus  develops  in  twenty-foiir  hou] 
and  t'Uils  fatally  in  from  two  to  tliree  ilays.  Bad 
guinea-pigs,  and  rabbits  are  similarly  affected,  but  on^ 
by  larger  doses  than  aru  required  for  mice,  the  &ta 
dose  for  a  rabbit  being  from  0.3  to  0.-5  c.c.  of  a  well- 
devclopcfl  bouillon  culture.  The  jwriod  of  incubatioa 
for  rats  and  guinea-pigs  is  twenty-four  to  thirty  houi 
and  for  rabbits  from  two  to  thruc  days.  Pigeons  t 
but  slightly,  if  at  all,  susceptible. 

The   tetanic   convulsions  always  appear  first  in  i 
parts  nearest  the  seat  of  inwulation,  and  subsequent} 
become  general. 

At  autopsies  upon  animals  that  have  succumbed  i 
inoculations  with  ptur.  eullurev '  of  batd/hie  tdaiU  1 
is  little  to  be  seen  by  either  umeroseopic  or  m 
acopic  examination,  and  culUires  from  the  site  of  inoc 
lation  are  oflen  negative  in  so  far  as  finding  the  tetanii 
bacillus  is  concerned.   At  the  site  of  inoculation  there  f 
usually  only  a  hyjKnemic  comlition.     In  inicomplicatfll 
caaes  there  is  no  suppuration.    The  internal  oi^ms  do  ii 
present  any  macroscopic  change,  and  ciilture-metho 
of  examination   show  them  to  be  free  from   bactenai| 
The  <leatb  of  the  animal  results  from  the  absorption  c 
a  soluble  ixjison,  either  prothieed  by  the  bacteria  at  thg  * 
site  of  ino<rultition  or,  whii^h  socins  more  probable,  pro- 

■  AuimnU  anil  hanutn  beinK»  (liAt  li»vi^  braome  infwted  with  this 
onwnlaui  in  thp  ordiuar;  way  commonly  iircm-nl  ii  mdjliiiuii  of  dap. 
immtiun  at  the  silc  of  Infecllim  ;  rhis  is  prolmhly  not  duo,  howevor,  lo 
the  tebnng  hacUlus,  hiil  lii  other  hoptorii  that  luvu  also  gained  amxgs 
V)  Ibe  waimd  at  the  tine  of  Enfootion. 
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duced  by  the  bacteria  in  the  culture  from  which  they  arc 
obtained  and  introiluced  with  them  into  the  tissues  of 
the  animal  at  the  time  of  inoculation.  In  supj>ort 
of  the  latter  hypothesis  :  mice  have  been  inoculated  with 
pure  cultures  of  this  organism  ;  after  one  hour  the  point 
at  which  the  inoculation  was  made  was  excised  and  the 
tissues  cauterized  with  the  hot  iron ;  notwithstanding 
the  short  time  during  which  the  organisms  were  in 
contact  with  the  tissues  and  the  subsequent  radical 
treatment,  the  animals  died  after  the  usual  interval 
and  with  the  typical  symptoms  of  tetanus. 

The  poison  produced  by  the  tetanus  bacillus,  and 
to  which  the  symptoms  of  the  disease  are  due,  has 
been  isolated  and  subjected  to  detailed  study;  some 
of  its  toxic  peculiarities,  as  given  by  Kitasato,  are  as 
follows :  * 

"When  cultures  of  this  organism  are  robbed  of  their 
bacteria  by  filtration  through  porcelain  the  filtrate  con- 
tains the  soluble  poison,  and  is  capable,  when  injected 
into  animals,  of  causing  tetanus. 

"Inoculations  of  other  animals  with  bits  of  the 
organs  of  the  animal  dead  from  the  action  of  the  teta- 
nus poison  produce  no  result ;  but  similar  inoculations 
with  the  blood  or  with  the  serous  exudate  from  the 
pleural  cavity  always  result  in  the  appearance  of  teta- 
nus. The  poison  is,  therefore,  largely  present  in  the 
circulating  fluids. 

"  The  gn\itest  amount  of  poison  is  produced  by  culti- 
vation in  fresh  neutral  bouillon  of  a  very  slightly  alka- 
line reaction. 

"  The  activity  of  the  poison  is  destroyed  by  an  eX' 

>  ZeitBchrift  fur  ^ygiene,  189J,  M.  x.  8.  207. 
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poKure  of  oiif  and  oiio-lialf  lioiirs  to  55°  C. ;  of  tweat] 
minutes  to  60°  C. ;  and  of  five  minutot;  to  65°  C. 

"By  drying  at  the  temperature  of  the  body  undei 
a  of  air  tlic  poison  is  destaiyed  ;  but  by  drying  A 
the  ordinary  temperature  of  the  room,  or  at  this  t 
perature  in  the  desiccator  over  sulphiirio  acid,  it  is  n 
destroyed. 

"  Diffuse   daylight   diminishes  the   intensity  of  thj 
poison.     Its  intensity  is  preserved  for  a  much  lonj 
time  when  kept  in  the  dark. 

"  Direct  sunlight  robs  it  uf  its  poisonous  propertioi 
in  from  fifteen  to  eighteen  hours. 

"Its  activity  is  not  diminished  l>y  diluting  a  I 
amount  with  water  or  nutrient  bouillon. 

"  Mineral  acids  and  strongalkiilics  lessen  its  iut^msity."! 

The  chemical  nature  of  this  poison  is  not  positavehi 
known,  but  according  to  the  observations  of  Brieg 
and  Cohn'  its  designation  of  "Tnxalbumen"  ia  a 
nomer,  for  its  reactions  do  not  warrant  its  cla-ssificatiql 
with  the  albumins  in  the  sense  in  which  the  vmrA  i 
commonly  useil.    When  obtained  in  ii  pure,  concentr 
form,  ik  toxic  properties  arc  seen  to  be  altered  by  aoidi 
by  alkalies,  by  sulphuretted  hydri^n,  and  by  tempera 
tures  above  70°  C.   Even  when  carcfnlty  protected  from 
light,  moisture,  and  air,  it  gradually  becomes  diminishes 
in  strength,  doubtless  ihic  to  the  formation  of  "  toxons  " 
and  '•  toxoids,"  analogous  ti>  thasc  ol)BcrvMl  by  Ehrlich  ioi 
deteriorating  diphtheria  toxin.     When  freshly  prepared! 
by  the  methods  of  the  authors  just  cititi,  its  polency  ii 
almo.--t  incredible,  O.OOOOo  luilligramme  being  sufficient  to  ' 
cause  filial  telnnus  in  a  munse  weighing  fifteen  gramme 

I  ZeilHchrin  fur  Hyglone  mid  InruktbiiBkruiikMloii,  1H93,  Bd.  i 
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The  studies  of  Madsen  *  demonstrate  it  to  consist  of 
two  physiologically  distinct  intoxicating  compounds: 
the  one,  a  solvent  of  erythrocytes — ^a  "  tetanolysin  "  ; 
the  other,  a  specific  irritant  which,  through  its  influence 
upon  the  central  nervous  system,*  accounts  for  the  phe- 
nomena by  which  tetanus  is  characterized  ;  to  this  latter 
the  designation  ^'  tetanospasmin ''  is  given.  Madsen's 
observations,  furthermore,  confirm  the  deductions  of 
Ehrlich  concerning  the  molecular  structure  of  bacterial 
toxins  in  general,  to  the  effect  that  the  molecule  of  tet- 
anolysin, like  that  of  diphtheria  toxin,  is  a  complex  of 
at  least  two  physiologically  unlike  groups;  the  one, 
characterized  by  its  marked  combining  tendencies  (for 
antitoxin),  the  so-called  haptophore  group;  the  other, 
distinguished  for  its  intoxicating  quality,  the  so-called 
toxophore  group. 

The  principles  involved  in  the  induction  of  the  anti- 
toxic state  against  diphtheria  are  likewise  applicable  to 
tetanus ;  in  fact,  the  fundamental  observations  upon  the 
generation  of  antitoxin  in  the  living  animal  body  were 
made  in  the  course  of  studies  on  tetanus;  they  were 
subsequently  applied  to  the  ctudy  of  diphtheria,  with 
the  results  already  noted.  It  is  needless  to  enter  here 
upon  the  details  essential  to  the  production  of  tetanus 
antitoxin  ;  to  all  intents  and  purposes,  they  are  identical 
with  those  given  in  the  section  on  diphtheria.  Briefly 
stated,  animals  mav  be  rendered  immune  from  tetanus 
by  the  repeated  injection  of  gnidually  increasing  non- 
fatal doses  of  tetanus  toxin ;  when  immunity  is  estab- 

*  Madsen  :  "  Ucbor  Teanolysin,"  Zeitschrift  fur  Hygiene  und  Infek- 
tionskrankheiten.  1899,  Bd.  xxxii.  S.  214. 

^8oe  ]>apor  by  Wasserniann  and  Takaki :  Berliner  kliniscbe  WocU- 
eiibchrift,  le98,  No.  1,  S.  5. 
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lUheJ,  tW  ciri'iiliit  111(5  '>1'>'>*1  wiitains  a  limly,  antitoxiii 
tliat  comhitiev  dirrt^tly  with  tet^uns  toxin  in  a  test-tube 
and  thereby  remlers  it  jtliyfliolc^ically  inactive  (non-in- 
toxicating) ;  and  the  serum  of  the  immune  animal  i 
not  only  ca])ablc  of  proteeting  nun-immune,  susceptible 
animnU  from  the  poitionons  action  of  tetanus  toxin 
(within  limits),  but  also  against  tlie  effects  of  the  livinj 
tetanus  l)acilhis  as  well. 


THE   BACILLUS  OF   MALIGNANT  (EDEMA. 

The  bnuillus   of  malignant  a?dema,  aW   kno^ 
vihrion   aepfitpie,   is    another   pathogenic    form   aim 
everywhere  prcrfent  in  the  soil.     In  cfrtain  reB|)ecte  td 
is  a  little  like  the  Ixicillus  of  anthrax,  and  was  at  oiH 
time  confounded  with  it;  bnt  it  differs  in  the  mar 
pccniiarity  of  being  a  strict  anaerobe.      It  was  I 
observed  by  Pasteur,  but  it  was  not  until  later  I 
Koch,  Liborious,  Kitt,  and  others  described  its  j 
liarities    in    detail.      It    can    often    be    obtained 
inserting  under  the  skiu  of  rabbits  or  guinea-pigs  a 
[lortions  of  garden-eartli,  street-dust,  or  decompodin 
o^nic  substances.     There  result)!  a  widespread  oedetn 
with  more  or  less  ga.-i-production   in    the   tissues. 
the  (Edematous  fluid  about  the  site  of  inoculation  1 
organism  under  consideration  may  be  detected.     (F 
98,  A.) 

It  is  a  rod  about  3  to  3.5  ft  long  and  from  I  to  1.1  ji 
thick — i.  e.,  it  is  about  as  loi^  as  bacillus  a7iUiracin,  but'l 
i-i  a  trifle  more  slender.  It  is  usually  found  in  pairs,  | 
joined  end  to  end,  but  may  occur  as  longer  thrtwls; 
jwirlicularly  is  this  the  case  in  cultures.  When  in  [Miirs 
tlic  ends  that  approximate  ore  squarely  cut,  while  the 
distal  extremities  are  rounded.     When  occurring  singly 
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lx)th  ends  are  n)unded.  (How  does  it  differ  in  this 
respect  from  bacillus  anthracisf)  It  is  slowly  motile, 
and  \t6  flagella  are  located  both  at  the  ends  and  along 
the  sides  of  the  rod.  It  forms  sjwres  that  are  usually 
locate  in  or  near  the  middle  of  the  cells,  causing  fre- 

FiQ.  98. 


B 


Bncfflun  rrdrmntis  malifjni.  A.  (Edema-fluid,  from  site  of  inoculation  of 
priiinoa-pig,  showinK  1<)"K  and  short  threads.  B.  Spore-formation,  from 
culture. 

quently  a  swelling  at  the  points  at  which  they  are  located 
and  giving  to  the  cell  a  more  or  less  oval,  spindle,  or 
lozenge  shajxj.     (Fig.  98,  b.) 

It  is  an  obligate  anaerobe,  growing  on  all  the  ordinary 
media,  but  not  with  access  of  oxygen.     It  grows  well  in 


I 


an  nlm(1^]JluTt'  ' 

gchilin. 

In  tubes  containing  about  20  to  30  c.c.  of  gdatinl 

tliat  lia>4  beon  liquefied,  inoculated  witit 

a  small   amount  of  the  culture,  and 

then   rapidly   wilidified   in    i(!e~ivat«r, 

growth  api«?ars  in  the  form  of  iiwliited. 

3  at  or  near  the  iNittom  of  t 
tnbc  in  from  two  to  three  days  i 
20°  (',  These  colonies,  when  of  f 
0.5  to  1  mm.  in  dmmeter,  appear  ■ 
tipheree  filled  with  clear  liijuid, 
are  difficult,  for  this  reason,  to  d 
(I'^.  99.)  As  they  gradnally  increase 
in  size  the  contents  of  the  spheres  be- 
come eloudy  and  marked  by  fine  radi- 
ating stripes,  easily  to  Iw  detected  with 
the  aid  of  a  small  hand-lens.  In  deep 
fitidi-cultiires  in  agar-agar  and  in  gela- 
liii  development  occurs  only  along  the 
tnick  of  puncture,  at  a  distance  below 
the  surface.  Growth  is  frequently  ac- 
companied by  the  production  of  gas- 
bubbles. 

It  causes  rapid  licjuefuction  of  blood- 
scnim,  with  i)rcMlui-lii.n  of  g-.is-bubhlea, 
and  in  two  or  ihn-c  iliiys  the  entire 
medium  may  have  liccomo  converted 
into  a  yellowish,  semi-fluid  mass. 

The  most  satisfactory  results  in  the 
study  of  the  culouies  ari'  obtainril  by 

the  use  of  plates  of  nutrient  apur-sigiir  kept  iu  a  ehamlHT 

in  which  all  oxygen  has  bccu  n-phioctl  by  hydi-ogen. 


rllliu  of  inallgiiant 
■edema  In  deep  ireli- 
lln  culliire.  lAHvr 
FhInkel  and  Fnir- 
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The  colonies  appear  as  dull  whitish  points,  irregular  in 
outline,  and  when  viewed  ^vith  a  low-power  lens  are 
seen  to  be  marked  by  a  network  of  branching  and  inter- 
lacing lines  that  radiate  in  an  irregular  way  from  the 
centre  toward  the  periphery. 

It  grows  well  at  the  ordinary  temperature  of  the 
room,  but  reaches  its  highest  development  at  the  tera- 
peniture  of  the  body. 

It  stains  readily  with  the  ordinary  aniline  dyes.  It 
does  not  stain  by  Gram's  method. 

Pathogp:xesis. — The  animals  known  to  be  suscepti- 
ble to  inoculation  with  this  organism  are  man,  horses, 
calves,  dogs,  goats,  sheep,  pigs,  chickens,  pigeons,  rab- 
bits, guinea-pigs,  and  mice.  Cases  are  recorded  in 
which  men  and  horses  have  developed  the  disease  after 
injuries,  doubtless  due  to  the  introduction  into  the 
wound,  at  the  time,  of  soil  or  dust  containing  the 
organism. 

If  one  introduce  into  a  pocket  beneath  the  skin  of  a 
susceptible  animal  about  as  much  garden-earth  as  can 
be  held  upon  the  point  of  a  penknife,  the  animal  fre- 
quently dies  in  from  twenty-four  to  forty-eight  hours. 
The  most  conspicuous  result  found  at  autopsy  is  a  wide- 
spread oedema  at  and  about  the  site  of  inoculation.  The 
oedematous  fluid  is  in  some  places  clear,  while  at  others  it 
may  be  stained  with  blood ;  it  is  usually  rich  in  bacilli 
(Fig.  96,  a)  and  contains  gas-bubbles.  Of  the  internal 
organs  only  the  spleen  shows  much  change.  It  is  large, 
dark  in  color,  and  contains  numerous  bacilli.  If  the 
autopsy  be  made  immediately  aft;er  death,  bacilli  are 
mrely  found  in  the  blood  of  the  heart;  but  if  de- 
ferred for  several  hours,  the  organisms  will  be  found 
in  this  locality  also,  a  fact  that  speaks  for  their  molti- 
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plicuttuti   in   the  body   after  death.     At   the   momei 
i)f  death  they  are  present  in  varying  nnmt>ers  in  aU9 
tiie  internal  viscera  and  on  the  ferous  surfaces  of  tii«j 
orgiins. 

Of  all  animals  mice  are  probably  the  miwt  susceptible  I 
to  the  action  of  this  organism,  and  it  is  not  rare  to  findl 
it  in  the  heart's  bli>od,  even  immcdiatfly  iiftt'r  death.  \ 
They  die,  as  a  result  of  these  inocnlatioas  in  from  six- 
teen to  twenty  hours. 

When  a  pnre  culture  is  need  for  inoculation  arela^l 
tively  large  amount  must  be  employed,  and  this  should  be  1 
introduced  into  a  deep  pocket  in  the  subcutineous  tissues  | 
some  distance  from  the  surface.  In  continuing  the  in-  I 
oculations  from  animal  to  animal  small  portions  of  f 
organs  or  a  few  drops  of  tlie  (edema-fluid  should  b«-l 
used.  The  inoculation  may  also  be  successlully  madel 
by  introducing  into  a  pocket  in  the  skin  bits  of  steril- J 
ized  thread  or  paper  upon  which  cultures  have  been  I 
dried. 

The  methods  for  obtaining  the  <n^inism  in  pure  cult-  I 
un;,  from  the  cadaver  of  an  animal  tliat  has  succumbed  | 
tn  infection  by  the  bacillus  of  malignant  oedema,  are  j 
in  all  essential  respects  the  same  as  those  given  I 
for  obtaining  cultures  from  tissues  in  general ;  but  it  I 
must  be  remembered  that  the  organism  is  a  strict  anii&-  ff 
robe,  and  will  not  grow  under  the  influence  of  oxj'gen.  I 
(See  methods  of  cultivating  anaerobic  species.) 

In  certain  superficial  resjiecls  this  bacillus  sugj 
as  sjiid  above,  6acilltis  anthradu,  hut  difi'ers  from  it  in  I 
so  many  imjiortant  details  that  tliere  is  no  excuse  ibr^ 
confounding  the  two. 


I  Note. 


Note. — From  what  1 


i  Ik' 


said  of  thi-- 


orjrnnHm, 
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what  are  the  most  important  differential  points  between 
it  and  bacillus  anthracis  ?  Inoculate  several  mice  with 
small  portions  of  garden-earth  and  street-dust.  Isolate 
the  organism  that  agrees  most  nearly  with  the  descrip- 
tion here  given  for  the  bacillus  of  malignant  oedema. 
Compare  its  morphological,  biological,  and  pathogenic 
peculiarities  with  those  of  bacillus  anthracis  under  simi- 
lar circumstances ;  especially  its  action  on  animals  and 
its  apjiearance  in  the  tissues  and  fluids. 

Still  another  pathogenic  organism  that  may  be  present 
in  the  soil  is 


THE  BACILLUS  OF  SYMPTOMATIC  ANTHRAX  ;  BACTTfeRIE 
DU  CHARBON  SYMPTOMATIQUE  (FR.)  ;  BACILLUS 
DES   RAUSCHBRAND   (OER.). 

It  is  the  organism  concerned  in  the  production 
of  the  disease  of  young  cattle  and  sheep  commonly 
known  as  "black  leg,"  "quarter  evil,"  and  "quarter 
ill,"  a  disease  that  prevails  in  certain  localities  dur- 
ing the  warm  months,  and  which  is  characterized  by 
a  peculiar  emphysematous  swelling  of  the  muscular 
and  subcutaneous  cellular  tiasues  over  the  quarters. 
The  muscles  and  cellular  tissues  at  the  points  af- 
fected are  seen  on  section  to  be  saturated  with  bloody 
serum,  and  the  muscles  particularly  are  of  a  dark, 
almost  black  color.  In  these  areas,  in  the  bloody  trans- 
udates of  the  serous  cavities,  in  the  bile,  and,  after 
death,  in  the  internal  organs,  the  organism  to  be  de- 
scribed can  always  be  detected.  It  is  manifest  from 
this  that  the  soil  of  localities  over  which  infected  herds 
are  grazing  may  readily  become  contaminated  through 
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;i  variety  of  t-luinncis,  ami  thus  serve  us  a  soi 
further  disBeminatiim  of  the  <li!««se. 

The  organiam  was  first  ohscrveii  by  Feisor,  and  sabl 
qiicntly  by  Bullingt^r  nml  others.     Tin-  most  complel 
deacription  of  its  morphological  aud  biological  pecul 
aritioH   is   timt  of   Kitasato.'     The  following  is  fro 
Kitxuiato's  contribiitionB :    it  is  an  actively  motile  i 
about  3  to  5  /(  long  by  0.5  to  O.G  ft  tliiok.     It  hu 
rounded  ends,  and,  us  a  rulf,  is  seen  singly,  thoiig' 
now  and  then  pairs  joined  end  to  end  may  ocour.     fig 
has  no  tendency  to  form  very  long  threads.  (Fig.  100,  A 

It  forms  siwrgs,  and  when  in  tliis  stiige  is  s 

Flu.  100. 


slightly  swollen  at  or  near  one  of  it«  jwles,  the  looa-l 
tion  iu  which  the  spore  Ufiually  appears.  (Fig.  100,  b.) 
It  ie  markedly  pnine  to  undergo  degenerative  changes, 
and  involiition-fonuH  arc  commonly  seen,  not  oulv  lo 


ZeitKhtiR  fur  UygloDo,  Dd.  ri.  8.  105 ;  Dd.  vlii.  S.  BS. 


TJIK  liACILLVS  OF  syMPTOMATIC  .i.\TJIJ!.\X.  o2d 
frcMli  ciiUure,"!,  Iml  in   tlio  tis:-ii(.'8  of  afffctdi  aiiimdls  tm 

Though  actively  motile  wlien  in  the  v^etativc  stage,  it, 
like  all  other  motile  sj>ore-foimirgl)acilli, 
lo.sea  this  property  uinl  betimes  mnlioii-  '"'■  ""■ 

less  when  spores  are  forming, 

It  ia  strictly  anaerobic  aiid  rannot  lie 
cultivated  in  an  atmoHphere  in  which 
free  oxygen  is  [ire!«.'nt.  It  grows  best 
under  hydrogen,  and  does  not  grow  under 
carbonic  acid, 

The  media  most  favorable  to  its  growth 
are  those  containing  glucose  (1,5  to  2  per 
cent,),  glycerin  (4  to  5  i»er  cent.),  or  s<)me 
other  reducing-liody,  such  as  indigo- 
SMlinni  sulphate,  KiHliiim  formate,  etc. 

When  cultivated  uixin  gelatin  plat«'s 
in  an  atmosphere  of  hydrogen  the  col- 
onies appear  as  in-egnlar,  slightly  lobu- 
latcd  masses.  After  a  short  time  lique- 
faction of  the  gelatin  occurs  and  the 
colony  presents  a  dark,  dense,  lobulatecl 
and  broken  centre,  siiprounded  by  a 
much  more  delicite,  fringe-like  ztine. 

When    distributed    through    a    deep 
layer  of  liquefied    gt>latin  that  is  su\y- 
sequently  sididificd  colonies  develop  at 
only   the   lower   portions   of  the   tube,    iii  "deep   gi'imiii 
The   single  colonies  appear  as  discrete   cuif"™-       t*"" 
globules   that   cnuse   rapid   liquefaction    prmwiB,! 
of  the  gelatin,  ami  ultimately,  coalesce 
into  irregular,  lobulated,  liquid  areas.     In  some  of  the 
lai^p   colonies  an  ill-defined,  concentric   arrangement 
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iif  alternate  ck-ar  iinrl  oloiidv  zuues  cau  l)e  made  wiit. 
(Kig.  101.) 

In  tlwp  stab-cult iires  in  gelatin  growth  begins  after 
iilwut  two  or  tliR'c  (laj-s  at  20°  to  25°  C.  It  bc^iis 
iisiiully  at  alxiut  oito  or  two  cctititni'tres  below  the  miiv 
tiiff,  and  causes  slow  liquefaction  at  and  around  the] 
tRick  of  ite  development.  During  ils  growth  , 
bubblcB  are  produced. 

Ill  deep  stfib-cultures  in  ngar-agar  at  37°  to  38° 
growth  I>egin9  in  fnini  twenty-four  to  fbrlv-eight  hourfl 
iilso  at  about  one  nr  two  centimetres  below  the  surf! 
nnd  is  accompanied  by  the  pmduction  of  gn^buhblc^ 
There  is  produced  at  the  same  time  n  peculiar,  pem 
trating  odor  wmiewhat  suggestive  of  that  of  raiiod 
butter.  Under  those  conditions  sjrares  are  formed  afh 
about  thirty  hours. 

It  growB  well  in  bouillon  of  very  slightly  acid  reao* 
tion  under  hydrogen,  but  does  not  retain  its  virulence^ 
f'lr  HO  long  a  time  as  when  cultivated  ujwn  solid  media. 
In  tiiis  medium  it  develops  in  the  ibrm  of  white  fliKiculi 
tJiat  sink  ultimately  to  the  liottom  of  the  glass  and  leave 
the  supernatant  fluid  quit*  clear.  If  the  vessel  Iw  now 
gently  shaken,  those  deliciitc  flakea  arc  diatributwl  homo- 
geneously through  it.  In  Imtullon  cnltures  there  is 
otl«n  seen  a  delicate  ring  of  gas-bubbles  round  the 
point  nf  c«ntaet  of  the  tube  find  the  surface  of  the 
iiouillon.  There  is  produced  also  a  peculiar,  penetrate 
ing,  sour  or  nineid  odor. 

It  grows  best  at  the  body-temperature — i.e.,  from  37° 
to  38°  C. — but  can  also  be  brought  to  development  nt 
fh>m  16°  to  18°  C.  Below  14°  C.  no  growth  is  seen. 
Spore -formation  appears  much  wmner  at  the  higher  than 
at  the  lower  temperatures.     When  ite  sjKiws  are  dried 
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upon  hits  of  thread  in  the  dessiccator  over  sulphuric  acid, 
and  then  k(»pt  under  ordinary  conditions,  they  retain 
their  vitality  and  virulence  for  many  months.  Sim- 
ilarly, bits  of  flesh  from  the  affected  areas  of  animals 
dead  of  this  disease,  when  completely  dried,  are  seen  to 
rotiiiu  for  a  long  time  the  power  of  reproducing  the 
disease.  The  spores  are  tolerably  resistant  to  the  in- 
fluence of  heat :  when  subjected  to  a  temperature  of 
80°  C.  for  one  hour  their  virulence  is  not  affected,  but 
an  exposure  to  100°  C.  for  five  minutes  destroys 
them.  They  are  also  seen  to  be  somewhat  resistant  to 
the  action  of  chemicals :  when  exposed  to  5  per  cent, 
carbolic  acid  they  retain  their  disease-producing  prop- 
erties for  about  ten  hours,  whereas  the  vegetative  forms 
are  destroyed  in  from  three  to  five  minutes ;  in  corro- 
sive sublimate  solution  of  the  strength  of  1  :  1000  the 
spores  are  killed  in  two  hours. 

When  gelatin  cultures  are  examined  microscopically 
the  organisms  are  usually  seen  as  single  rods  with 
rounded  ends.  When  cultivated  in  agar-agar  at  a 
higher  temperature  spores  are  formed  after  a  short 
time;  the  spores  are  oval,  slightly  flattened  on  their 
sides,  thicker  than  the  bacilli,  and,  as  stated,  frequently 
occupy  a  position  inclining  to  one  of  the  poles  of  the 
bacillus,  though  they  are  as  often  seen  in  the  middle. 

Bacilli  containing  spores  are  usually  clubbed  or  spin- 
dle shape. 

This  bacillus  stains  readily  with  the  ordinary  aniline 
dyes.  It  is  decolorized  by  Gram's  method.  Its  spores 
may  be  stained  by  the  methods  usually  employed  in 
spore-staining. 

Pathogenesis. — When  susceptible  animals,  especi- 
ally guinea-pigs,  are  inoculated  in  the  deeper  subcutane- 
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DiiH  cilliiliir  tisHiifs  with  pure  cnltiires  of  tins  oipjnism, 
or  with  bits  of  tis!*iie  from  tlie  affected  area  of  another 
animal  ileatl  of  the  disenst-,  death  ensues  in  from  one  to 
two  days.  It  is  preiiedt.'d  by  rise  of  temperature,  loss 
of  appetiti?,  and  general  indisposition.  The  site  of 
inoculiition  ijt  bwoUch  and  painful,  and  drops  of  bloody 
seniin  may  sometimes  l>e  seen  exuding  from  it.  At 
nutopsy  the  subcutaneous  cellular  tissues  and  imder- 
lying  miiHck'g  present  a  condition  of  emphysema  and 
extreme  oedema.  The  cetlematons  fluid  is  often  b1oo(J- 
stained  and  the  niusclea  are  of  a  blaekish  or  Itluokish- 
brown  color.  The  lymphatic  glands  are  markedly 
hypenemic.  The  internal  viseem  present  but  little 
alteration  visible  to  the  naked  eye.  In  tlie  blood- 
stained serous  Huid  about  the  point  of  inoeulstiun  short 
lucilli  are  presi'ut  in  krge  numbers.  These  often  pre- 
(wnt  slight  swellings  at  the  middle  or  near  the  end, 
They  are  not  seen  as  threads,  but  lie  singly  in  the 
tissues.  Occasionally  two  will  be  seen  joined  end  to 
end.  If  the  autopsy  be  made  immediately  after  death, 
these  oi^nisms  may  not  be  dett-cted  in  the  internal 
ort^ns ;  but  if  not  made  until  after  a  few  hours,  they 
will  be  found  there  also.  In  recent  autopsies  only  vege- 
tative ibrms  of  the  organism  may  be  found  ;  but  lat<)r 
(in  from  twenty  to  twenty-fonr  hours)  spore-bearing  rods 
may  \tc  detected.  (How  does  this  compare  with  badSua 
anthraclM  f)  By  successive  inoculations  of  susceptible 
animals  with  serous  fluid  from  the  site  of  inoculation 
of  the  dead  animal  the  disease  may  be  reproduced. 

Cattle,  sheep,  goats,  guinea-pigs,  and  mice  are  sus- 
ceptible lo  infection  with  this  or^nism,  and  present  the 
conditions  above  described ;  whereas  horses,  asses,  and 
'hite  rats  present  only  local  swelling  at  the  siteof  inoc- 
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Illation.  Swine,  dogs,  cats,  rabbits,  ducks,  chicken.s, 
and  pigeons  arc,  as  a  rule,  naturally  immune  from  the 
disease. 

Though  closely  simulating  the  bacillus  of  malignant 
oedema  in  many  of  its  peculiarities,  this  organism  can, 
nevertheless,  be  readily  distinguished  from  it.  It  is 
smaller;  it  does  not  develop  into  long  threads  in  the 
tissues ;.  it  is  more  actively  motile,  and  forms  spores 
more  readily  in  the  tissues  of  the  animal  than  does  the 
bacillus  of  malignant  oedema.  In  their  relation  to  ani- 
mals they  also  differ;  for  instance,  cattle,  while  con- 
spicuously susceptible  to  symptomatic  anthrax,  are  prac- 
tically immune  from  malignant  oedema  ;  and  while  swine, 
dogs,  rabbits,  chickens,  and  pigeons  are  readily  infected 
with  malignant  oedema,  they  are  not,  as  a  rule,  suscepti- 
ble to  symptomatic  anthrax  Horses  are  affected  only 
hxiully,  and  not  seriously,  by  the  bacillus  of  symptomatic 
anthrax  ;  but  they  are  conspicuously  susceptible  to  both 
artificial  inoculation  and  natural  infection  by  the  bacil- 
lus of  malignant  oedema. 

The  distribution  of  the  two  organisms  over  the  earth^s 
surface  is  also  quite  different.  The  oedema  bacillus  is 
present  in  almost  all  soils,  while  the  bacillus  of  symp- 
tomatic anthrax  appears  to  be  confined  to  certain  locali- 
ties, especially  places  over  which  infected  herds  have 
been  pastured. 

A  single  attack  of  symptomatic  anthrax,  if  not  fatal, 
affords  subsequent  protection  ;  while  infection  with  the 
malignant  oedema  bacillus  appears  to  predisj)Ose  to  re- 
currence of  the  disease.     (Baumgarten.) 
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InfeotJan  and  imm unity —The  tyitta  of  Infection ;  Intiu 

infsctiuii — Suiiliviemia,  toxtPiniii,  variolinna  in  iiifautioa^  proi 

— linmuuily.  natural  aud  HCJ|uired— Tbe  hypiithcses  thmt  han^fl 

Invu  ai]vuuiH.-[]  lu  ei[i1uuatioii  uf  immuDity — CuuuIuuods. 

An  orgaoism  (;&pablc  of  producing  disease  we 
prithogenie  or  Infective,  and  tlic  process  by  which  it  pn>*^ 
duces  disease  we  know  as  infection.  Diseases,  therefor^  I 
that  dept-nd  for  their  existence  upon  the  presence  of  J 
bacteria  in  the  tis&ucs  are  infcdious  diseases. 

What  is  the  intimate  nature  of  this  process  we  caU  1 
infection?     Is   it   due   to  the  viecfuinicaJ  presence  of  f 
living  bacteria  in  the  body,  or  does  it  result  from  tfao  | 
deposition  in  the  tissues  of  substances  prixhic^d  by  these 
bacteria  tliat  are  either  locally  or  generally  incompatr- 
iblc  with  life?     Or,  is  the  group  of  pathological  altera- 
tions and  constitutional  symptoms  seen  in  these  diseases 
the  residt  of  abdradion  from  the  tissues,  by  the  bacteria 
growing  in  them,  of  substances  essential  to  their  vitality  ? 
These  are  some  of  the  more  important  questions  tliat 
present   themselves  in   the   course  of  analysis  of  thi^ 
interesting  phenomenon. 

Let  us  look  into  several  typical  infectious  dim 
note  what  we  find,  and  see  to  what  extent  the  observi 
ttons  thus  made  will  aid  ns  in  formulating  an  opinioi 
We  begin  with  a  study  of  those  diseases  in  which  ther^ 
is  a  general  infection — i.  c,  in  which  there  is  a  general  dis* 
tribution  of  the  infective  t^jents  throughout  the  bod^d 
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Tliis  group  comprises  the  "septicaemias,"  and  of  them 
the  disease  of  animals  known  as  anthrax  represents  a 
type  of  the  condition.      If  tlie  cadaver  of  an  animal 
dead  of  anthrax  be  examined  by  bacteriological  methods, 
there   will   be    discovered   present   in   all    the   organs 
and  tissues  an  organism,  a  bacillus,  of  definite  form 
and  biological  characteristics;  and  if  the  organs,  and 
tissues  generally,  be  subjected  to  microscopic  examina- 
tion this  same  organism  will  be  found  always  present 
and  always  located  within  the  capillaries.      At  many 
points  it  will  be  seen  crowded  in  the  capillaries  in  such 
numbers  as  almost,  if  not  quite,  to  burst  them,  and  very 
commonly  their  lumen  for  a  considerable  extent  is  en- 
tirely occluded  by  the  growing  bacilli.     In  such  a  case 
as  this  we  might  be  tempted  to  conclude  that  death  had 
resulted  from  mechanical  interference  w  ith  the  capillary 
circulation.     Suppose,  however,  we  subject  the  cultures 
obtained  from  this  animal  to  conditions,  either  chemical 
or  thermal,  that  are  not  particularly  favorable  to  their 
normal  development,  and  from  time  to  time  inoculate 
susceptible  animals  with  the  cultures  so  treated.     The 
result  will  be  that,  as  we  continue  to  expose  our  cultures 
to  unfavorable  surroundings,  the  period  of  time  that  is 
required  for  them  to  cause  the  death  of  animals  will, 
in  some  cases,  gradually  become  extended,  until  finally 
death  will   not  ensue  at  all  after  inoculation.     If,  as 
these  animals  die,  a  careful   record   of  the  conditions 
found  at  autopsy  be  kept  and  compared,  it  will  ulti- 
mately be  noticed  that  the  animals  that  die  at  a  longer 
time  after  inoculation  present  conditions  more  or  less 
Kit  variance  with  those  seen  in  the  original  animal  that 
died  more  quickly  after  having  been  inoculated.     These 
diirereuces  usually  consist  in  v^  dimmution  of  the  num* 
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ha  uT  hodlli  that  *ppc9r  apna  (rollure  ptstafi  fina  1 


bliud  unI  tatf-mal 


orgaj»,  3 


aiwfunt  of  mechaniral  nb^tmrtioo  oAend  lo  tbe  civen- 
tstirin  througfa  plugging  of  the  capilUiws  by  mainrB  irf* 
inrilli,  a»  detected  bv  ■uicmempte  examioatMB  of  aeo- 
tKifW  of  ilw  orgMW ;  indeetl,  tfab  btt«r  cooditkn  msjr 
iifUm  liBVcalnu)Kt,ifiiotqui(e,di!japprared.  Wes«ebei« 
an  nninial  tlvaii  from  the  iavaeion  of  the  samp  oc^gaani 
that  pTip\nctn\  ilcath  in  the  first  aiiitnal,  but  with  little 
or  Doni.'  of  thrmc  partii'iilar  Wiowi  to  whieb  we  were 
iiiciliiiMl  to  attribute  the  death  of  that  animal.  It  is 
apparent,  then,  that  thUt  otyaoisio  with  which  we  have 
bf-en  working  can  (h^^truy  tlie  vitality'  of  an  animal  in 
a  way  other  than  bv  meclianically  ob^ructing  its  blood- 
vciweU ;  it  poK8>i<eetf  »onie  other  means  of  destroyii^ 
life.  I'owibly  itttgron'th  in  the  tissues  is  accompanied 
by  the  prrxtutrtion  of  soluble  poisons,  which  when  ji 
ent  in  the  blood  are  not  compatible  with  life. 

I^et  HB  see  if  the  study  of  another  group  of  infec 
will  fumirib  any  evidence  in  support  of  such  an  hyp 
csis.  Introduce  into  the  8n)>eulaneous  tissues  c 
giiineit-pr;;a  i^niall  amount  of  a  pure  culture  of  the  b 
luH  of  diphtheria.  In  three  or  four  days  the  i 
dicn.  \Vc  proceed  with  our  autopsy  in  exactly  the  b 
wny  that  we  did  with  the  animals  dead  of  anthm 
and  lire  astonished  to  find  that  the  organs,  blood, 
tiHHiicH  generally  are  sterile,'  in  ho  far  as  the  presence  o 
the  organism  with  which  the  animal  was  inocolated  ( 
coiiocriiod,  and  liy  both  culture  and  microscopic  mellioC 
it  is  ponnilile  to  detect  them  only  at  the  site  of  ii 
tiou,  where  they  were  deposited.     It  is  very  evideE 
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that  we  have  here  a  condition  with  which  mechanical 
phigging  of  the  capillaries  could  have  had  no  connec- 
tion, for  there  are  no  organisms  in  the  blood  to  interfere 
with  its  circulation.  Our  hy|)othesis  then  with  regard 
to  the  condition  found  in  our  first  case  of  anthrax  is 
again  not  tenable.  Similarly,  if  an  animal  that  has 
died  of  tetanus  be  examined,  we  do  not  find  the  bacilli 
in  the  tissues  and  circulating  fluids  generally,  and,  in- 
deed, often  fail  to  find  them  even  at  the  point  of  injury. 
Plainly,  the  fatal  results  following  upon  inoculations 
with  the  diphtheria  and  the  tetanus  bacillus,  with  their 
accompanying  tissue-changes,  occur  from  the  presence 
of  a  something  that  cannot  be  detected  by  either  cult- 
ural or  micros(5opic  methods,  and  this  something  can  be 
only  a  soluble  substance  that  is  produced  by  the  growing 
bacteria  at  the  site  of  inoculation,  gains  access  to  the 
circulation,  and  through  this  channel  causes  death,  for 
it  is  scarcely  to  be  imagined  that  the  insignificant  wound 
made  in  the  course  of  inoculation  could  per  se  have  had 
this  effect.  In  other  words,  these  latter  animals  have 
died  from  what  is  called  toxamiia  (poison  in  the  blood), 
a  condition  distinctly  different  from  septicccmia,  as  seen 
in  our  first  animal  dead  of  anthrax. 

There  are,  again,  other  infectious  diseases,  many  of 
which  are  known  to  present  variations  from  what  might 
be  considered  a  typical  course,  that  may  still  further 
serve  to  support  the  view  that  infection  is  a  process  in 
which  the  mechanical  effect  of  organisms  in  the  circu- 
lating fluids  is  of  little  consequence.  Conspicuous 
among  these  are  the  infections  that  follow  upon  the 
introduction  into  the  tissues  of  susceptible  animals  of 
cultures  of  mierococcU'S  lancedaitis  (pneumococcus),  of 
the  bacillus  of  chicken  cholera,  and  of  the  organisms  con- 
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cemed  in  the  production  of  the  so-callrd  "  heuiorrhu) 
eepticieniia^."  When  ruuiiiDg  their  normal  coimu 
Bpccifit;  oi^iiiame  of  th(.'8&  (diseases  cause  tj'pical  s 
i^miae  in  susceptible  aDitimls ;  but  otlen,  from  cauae 
entirely  clear,  the  animals  die  with  only  loc^nl  ledoHs,  d| 
with  but  very  few  organisms  in  tlie  internal  vi*!era. 
eee  here  conditions  analogous  to  thoiie  observed  in  ti 
two  cxpcrimentB  with  anthrax,  vi».,  we  find  a  group  0 
diseases  that  are  pmpcrly  diiHsed  as  septicieniiaB,  I 
(iause  of  the  usual  general  invaKion  of  the  body  by  t 
orgauisniB  concerned  in  their  production,  but  whifl 
frequently  asannie  a  purely  local  diameter — in  I 
instanees  proving  fatal  to  the  animal  infected.  Fpb 
what  we  have  seen  it  is  manifestly  probable  ' 
whether  these  diseases  be  designated  an  aepticttmiu  a 
as  toxiemias,  death  is  produced  in  all  instances  hy 
poisonous  substances  that  are  gencnite<l  by  the  infecting 
bacteria.  In  the  case  of  typical  antlirax,  and  other 
varieties  of  septicMemia,  the  production  of  this  poison 
is  associated  with  the  general  dissemination  of  thi 
or^nisms  thronghout  the  body ;  while  in  those  infeq 
tions  of^n  referred  to  as  toxteniias,  of  which  diphtlici 
may  be  taken  as  a  type,  the  piiaon  is  produced  by  t 
organisms  tliat  remain  localized  at  the  site  of  invasidi 
and  is  tlicnce  disseminated  throughout  the  bo<Iy  by  t" 
circulating  fluids.  Infection  thus  far,  then,  itppears  t 
bo  a  chemical  process. 

Through  special  investigations  that  ha\e  been  n 
upon  the  proilucls  of  growth  of  certain  {>athogenic 
teria  this  opinion  receives  further  confirmation ;  it 
been  fonnd  possible  by  the  use  of  apjmvpriatc  methodB 
to  isolate  from  among  the  mass  of  material  in  which 
certain  of  these  organisms  have  been  avtiliciylly  cultl- 
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vatcQ  substances  wliich,  when  separated  from  the 
bacteria  by  which  they  were  produced,  possess  the 
power  of  causing  in  animals  all  the  constitutional 
symptoms  and  pathological  tissue-changes  that  occur 
in  the  course  of  infection  by  the  organisms  themselves. 
In  some  instances  these  poisons — toxins/  as  they  are 
collectively  called — appear  to  be  the  direct  result  of 
metabolic  changes  brought  about  by  bacteria  in  the 
medium  or  tissues  in  which  they  may  be  developing — 
/.  e,y  they  are  products  of  nutrition  that  pass  readily  into 
solution,  as  is  conspicuously  seen  m  the  case  of  the 
bacillus  of  diphtheria  and  of  tetanus  when  under  both 
artificial  cultivation  and  in  the  animal  body.  Many 
bacteria  which  do  not  possess  the  power  of  generating 
or  secreting  such  jK)isons  may,  nevertheless,  have  inti- 
mately associated  with  their  protoplasmic  bodies  poison- 
ous substances  that  can  only  be  isolated  by  particular 
methods ;  thus  th(»  toxins  of  baeilliLs  tnhereidoHis  and  of 
Hpirlilnm  cholercr  Asiaiicw  are  much  more  conspicuously 
present  in  the  protoplasm  of  these  bacteria  than  in  the 
fluids  in  which  they  have  grown ;  and  Buchner  has 
isolated  from  several  species  of  bacteria  "bacterio- 
proteins"  having  the  common  properties  of  solubility 
in  alkalies,  resistance  to  the  boiling  temperature,  attrac- 
tion of  leucocytes  (jK)sitive  chemotaxis  ^),  and  pyogenic 
powers. 

There  is  as  yet  little  agreement  of  opinion  as  to  the 
chemical  nature  of  toxins ;  but  it  is  probable  that  the 

*  The  term  **  toxins"  Ls  commouly  applied  to  amorphous,  nitrogenous 
poisons  ])nKluce(l  by  bacteria  in  both  livinj?  tissues  and  dead  substances; 
while,  on  the  other  hand,  "ptomains"  n»lates  to  crystallizaUe^  nitrog- 
enous poisons  that  are  formed  in  dead  tissue,  and  "leucomains"  to 
poisonous  and  non-poisonous  alkaloidal  l)odies  that  occur  in  living 
tissues  iis  a  result  of  physiological  metabolism. 

'  ^^  Chemotaxis. 
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gnm\>  ti>iii]iri.--i's  (liHvreiit  IkkJk'M  of  tlit  nuliiri.-  fiC  ^IiiIhi 
liiis,  iiiKrlou-alljuniiiis,  ]>L'ptoiies,  olbumu^ef^,  uud  enzyme^ 
or  fiTments. 

Toxic  ptocmiitH  are  probably  not  conspieuously  coo^ 
oemed   in   producing   the   characteristic   symptoms  < 
infection,  as  they  are  absent   from  cultures  of  certain 
highly  pathogenic  bacteria. 

In  particular  instances  the  production  of  jwisotioill 
principles,  even  under  artificial  eoudiliona  of  cultivationj 
is  most  astonishing,  anil  jwisons  are  generate*!  that  lu  ti 
degree  of  their  toxicity  exceed  anything  liitherto  know 
to  us.     For  instance*,  iho  potencies  of  the  jjoisons  1 
have  been  isolated  from  cultures  of  bacil/ujt  rlipfUher 
and  of  bttcillaa  tdnni  have  been  carefully  determinec 
by  experuiientH  upon  animals,  and  it  has  been  fou» 
that   0.4   milligraiume   of   the    former   is   capable  i 
killing  eight  guinea-pigs,  each  weighing  400  grammei 
or  two  rabbits,  each  weighing  3  kilogrammes  (Roiix  an^ 
Ycretn');  and  that  O.OOOI  milligramme  of  the  latfei 
will  produce  tetanus  in  a  moiLW,  with  all  the  ( 
istic  man i testations  of  the  disease  {Brieger  and  ColUl*) 

Briefly  stated,  the  invasion  of  the  body  by  i 
micro-oi^nisms  may  best  be  conceived  as  a  i 
between  the  invading  organisms  on  the  one  side  | 
the  resisting  tissues  of  the  animal  body  on  the  oUi 
the  weapons  of  oSence  of  the  fonner  l>eiiig  the  poi» 
DU3  products  of  tlieir  growth,  while  the  means  < 
defence   possessed   by  the   latter  are  vitnl   substance 


*  By  thd  U9H  uf  luori'  rucclitlj  duviiH^  moUioilB  wn  are  giisIiM  to.l 
icreuao  still  further  the  Uixi.-ity  of  thtso  pnisuDa;  ospocUlly  Is  thlf  1 
le  cttse  wilh  regard  (a  Ihc  di|ihi.herift  toiio. 


INFECTION  AND  IMMUNITY,  541 

which  act,  so  to  speak,  as  antidotes  to  these  poisons.  If 
the  tissue-elements  are  not  of  sufficient  vigor  to  destroy 
the  invading  bacteria  or  to  render  inert  the  poisons  pro- 
duced by  them,  the  bacteria  are  victorious  and  infection, 
in  different  degrees  of  severity,  results;  on  the  other 
hand,  if  there  be  failure  to  excite  disease,  the  tissues  are 
victorious,  and  are  then  said  to  be  resistant  to  or  immune 
from  this  particular  type  of  infection. 

In  some  cases  the  protective  bodies  possessed  by  the 
animal  act  directly  upon  the  invading  organisms  them- 
selves— L  e.,  they  are  germicidal ;  in  others  their  func- 
tion is  more  that  of  antidotes,  or  neutralizers  in  the 
chemical  sense,  of  the  poisons  produced  by  these  organ- 
isms, the  organisms  themselves,  in  certain  instances, 
ex{)eriencing  only  slight  injury  from  a  limited  sojourn 
in  the  living  tissues.  For  those  constituents  of  the 
animal  lx)dy  that  are  by  nature  endowed  with  germi- 
cidal peculiarities,  the  designations  "alexins"  (Buchnor) 
and  *Mefeusive  proteids"  (Hankin)  have  been  sug- 
gested. Their  nature  has  not  been  determined,  but  the 
fact  that  tlieir  destructive  action  is  characterized  by  a 
solution  or  disintegration  of  the  bacteria  leads  Buchner 
to  regard  them  as  proteolytic  (bacteriolytic)  enzymes. 

To  those  ill-defined  substances  whose  affinities  are 
restricted  to  the  soluble  toxins  elaborated  by  the  invad- 
ing bacteria  the  name  "antitoxins"  is  now  generally 
applied.  Contrary  to  what  we  have  seen  in  the  case  of 
the  normally  present  alexins,  antitoxins  are  but  rarely 
to  Ix?  detected  in  the  normal  animal  organism.  When 
they  do  exist  under  such  conditions,  they  are  of  but 
comparatively  feeble  potency.^     In  the  great  majority 

^Seo  Bolton  :  Transactions  of  Association  of  Ainericaii  Physiciaiis, 
1896,  vol.  xi.  p.  62.    Pfeiffer :  Deutsche  med.  Wochenschrifti  1896, 
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€j[  w^tMOfifft  aotm>xie  activhk^  are  acqniicd  pccaEuitin; 
si0ifiuimd  in  «oiD€r  ca^e?  in  a  oKire « jt  kfi«  naionl  nnnMr, 
a:-  in  tii^  oourwr  of  a  noo-faial  attack  of  m  spedfie  nal- 
a^Jy:  in^lrK!*^!  in  ocIkt?  bv  parelr  artificial  menm,  as 
we  liave  •'^rfrf)  to  Ur  p  >r»ible  in  the  ca^  of  dSfiiitliCfia, 
tftana-,  ft/!*.  ^>ur  aer|iia]ntaDce  with  these  bodies  cx- 
ternl*  little  further  t^ian  their  physiological  liiiictioiis 
an^l  •<»ine  of  the  means  that  iodnce  their  gencfatioo. 
We  }iave  no  *ati.-sfartory  luHiwIedge  of  their  intimate 
natiirr;  or  of  the  primary  aourees  of  their  prodnetioa. 
Tliey  arf-  Urlievf J  by  r^ftne  (Buchner*  and  Melsscfanikoff') 
to  n'pn.-*ent,  when  artitieially  induced,  bacterial  toxins 
tliat  have  Urun  modified  bv  the  vital  action  of  the  inte- 

m 

gral  r:ir*Il.T  of  the  body;  and  Roux^  and  Buchner^  hohl 

that  tli^-y  r-xliibit  their  |in»teot5v«.-  functions  less  by 
dinr^'t  fffrn\tiu:it\'}n  witli  iIk-  toxins  than  by  a  specific 
•it  inn  lint  ion  of  tli*-  tir-iie-<.-**lU  that  oniilik*??  the  latter  to 
n-ist  tin;  liJirrnfiil  infliK.-nfe^  of  the  jKiis:inou:*  liacterial 
|»rrKliiet*.  On  tin-  otlirr  hand,  Rlirin^,*  Ehrlich,*  and 
th*ir  a^r^K-iates  r'ont<^*nd  that  thev  an-  vital  tissue  ele- 
nM-nt-,  having  t\u'  pro|x."rty  of  oimbininjr  <iirectly  with 
th<r  toxin--  to  form  **  phy-iolrigiejilly  neutral  "  toxin-anti- 
toxin r"oni|H»nnrls  that  are  in  a  manner  analogoiLS  to  the 
donhl<-  s'llt.-i  of  eertain  chemical  reactions. 

No.  H,  Fiwlil  nj\t\  V.  Wun'^^hhcim:  Contralblatt  fur  Bakteriolo^e, 
r;ini-iitciikfiii<]fr,  und  Inri-ktioiiskmiiklifiton.  l^^iHt,  Abt.  i.  Bd.  xiz.  8. 
(tTifJ.     W.'isHrrnfiaim  :   n<TliinT  kliii,  WrKlKriisc-hrift,  I'i'J^*.  No.  1. 

'  nii'limr:  MiiiiclioiiiT  iiwd.  W«M-hfnx'hrift,  l.^DS.  Nos.  24  and  25. 

'  Mi'.l-%rIiiiikofr:  Wi-il's  Ifaiidhuch  d<T  Hygiene,  Bd.  ix.  Liefcrung  1, 
H.  4«. 

•''  Koiix  :  AiiiialoH  dc  I'lnstitiit  Pasteur,  l**?*!.  p.  7*22. 

*nin:hi»<T:  ni'riincr  klin.  WfKrh<'ns<',lirift,  1SJ)4,  No.  4. 

*n<-lirin;;:  Iiifrktioii  und  f>csinf(;ktion,  I^i-ipzip,  lf?94,  S.  248. 

«  Khrlirh  :  KliiiiMli«s  Jahrbucli,  IHJC,  Bd.  vi.  Heft  2.  S.  311.  Fort- 
wlinlte  d«T  MtMliciii,  1HI)7,  B<1.  xv.  No.  2. 
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It  is  well  known  that  among  man  and  the  lower  ani- 
mals individuals  are  frequently  encountered  who  are  in 
general  less  susceptible  to  infection  than  are  others  of 
their  species;  and  that  particular  species  of  animals  not 
only  do  not  suifer  naturally  from  certain  specific  dis- 
eases, but  resist  all  efforts  to  produce  the  diseases  in 
rhem  by  artificial  methods;  in  other  words,  they  are 
naturalli/  immune  from  them.  The  term  "  natural  im- 
munity," as  now  employed,  implies  a  congenital  condi- 
tion of  the  individual  or  species,  a  condition  peculiar  to 
his  idioplasm,  which  has  been  transmitted  to  him  as  a 
tissue-characteristic  through  generations  of  progenitors. 

Again,  it  is  often  obsen^ed  that  an  individual  or  an 
animal  after  having  recovered  from  certain  forms  of 
infection  has  thereby  acquired  protection  from  subse- 
quent attacks  of  like  character;  in  other  words,  they 
are  said  to  have  avfjuired  immunUij  from  this  disease. 
"Acquired  immunity"  implies,  therefore,  a  condition 
of  the  tissues  of  an  individual,  not  of  necessity  peculiar 
to  other  members  of  the  race  or  species,  that  has 
originated  during  his  life  from  the  stimulation  of  his 
integral  cells  by  one  or  another  of  the  specific,  infective 
irritants  that  may  have  been  purposely  introduced,  or 
accidentally  gained  access  to  his  body. 

The  problem  involving  the  explanation  of  the  fore- 
going interesting  ideas  and  observations  has  afforded 
material  for  reflection  and  hypothesis  for  a  long  time. 
It  is  only  through  investigations  conducted  during  re- 
cent years  that  it  has  met  with  anything  approaching 
satisfactory  solution,  and  even  now  there  remain  a 
number  of  imjx)rtant  points  that  are  veiled  in  obscurity. 

(•onspicuous  among  the  observers  who  have  en- 
deavored to  explain  the  mechanism  of  immunity  may 
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Ik-  mt-ntioiiwi  Cliunvtiiii,  Pastetir,  Metachnikotr,  Bud 
tipr,  Fliigge  and  hin  pitpih  (Srainiow,  Sirotinin,  Bitter, 
Niittall),   Fotior,    Hunkin,  Pfoiffcr,   Khrlk'h,  Behring, 
Itoiix,  and  a.  Iiost  of  utlicrs  whose  namc^  ant  more  or 
less  |>roniiueDt  in  current  litomturc.     In  the  foUo' 
pagcfl  we  will  prcst-iit  briofly  the  result  of  invostigatii 
by  these  various  authors. 

In  ISSOChauveau'  mi^^cBted  au  explanation  for 
phenomenon  of  immnnity  that  has  sinee  been  known 
the  "reientiwi  hifpot/unu."  It  is,  in  short,  aa  foUo' 
that  the  immunity  commonly  seen  t<>  exist  in  tmi 
thiit  have  [mssed  through  an  attaeJi  of  infection 
a  subsequent  outbreak  of  the  same  malady,  nud  likewil 
the  immunity  that  has  been  produced  artificially  by- 
vaccination,  exist  by  virtue  of  Bome  bacterial  prodact 
that  has  been  I'daincd  or  deponitrvl  in  the  tissues  of  those 
animals,  and  that  tliiit  produet  by  its  presence  prevents 
the  development  of  the  same  tii^anisms  if  they  should 
subsequently  gain  access  to  the  body. 

Bearing  ujnm  this  view  the  experimentH  of  Sirotinin,' 
made  with  cultures  of  various  [Kitliogentc  bacteria, 
demonstrated  that,  in  so  far  as  culture-experiments  were 
coneerned,  the  only  substance  produce<l  by  growing 
biieteria  that  could  Ijc  In  any  way  inimical  to  their  furtlier 
development  wcr-  substances  that  gave  rise  to  altera- 
tions in  the  n-action  of  the  medium  in  whidi  they  were 
developing — i.  e.,  acids  or  alkalies  (jr<Klucctl  by  the  bao- 
t*'ria  theniBelvcH.  Ho  long  as  the  organisms  were  not 
actually  dead  from  exiKwure  to  these  substances  correc- 
tion of  the  abnormal  reaction  was  followi-d  by  further 
development  of  the  organisms.  Sinitinin  also  states 
K'-wiirtea  rti..I>i«,  otc.,  July,  ISHO.  So.  Bl. 
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that  materials  containing  the  products  of  growtli  of 
bacteria,  so  long  as  they  are  maintained  at  a  neutral  or 
only  slightly  alkaline  reaction,  serve  very  well  as  media 
upon  which  to  cultivate  again  the  same  organism  that 
produced  them,  providing  the  nutritive  elements  have 
not  been  entirely  exhausted.  He  remarks  that,  if  in  such 
a  concentrated  form  as  we  find  the  life-products  of  bac- 
teria in  the  medium  in  which  they  are  growing,  no  inhib- 
itory compounds  other  than  acids  and  alkalies  are  to 
be  detected,  it  is  hardly  probable  that  they  are  produced 
in  the  tissues  of  the  living  animal,  and  retained  there 
intact,  to  a  degree  suflBcient  to  prevent  the  growth  of 
bacteria  that  may  subsequently  gain  entrance  to  these 
tissues,  after  the  disappearance  of  the  organisms  concerned 
in  the  primary  invasion.  On  the  other  hand,  Salmon 
and  Smith,*  Roux  and  Chamberland,^  and  others  had 
demonstrated  that  a  sort  of  immunity  against  certain 
forms  of  infection  may  be  afforded  to  susceptible  ani- 
mals by  the  injection  into  their  tissues  of  the  products 
of  growth  of  particular  organisms  which  would,  if  them- 
selves introduced  into  the  animal  body,  produce  fatal 
results.  Though  this  observation  of  Salmon  and  Smith 
attracted  comparatively  little  attention  at  the  time  it 
was  made,  it  serves,  nevertheless,  as  we  shall  see  sub- 
sequently, as  the  starting-point  for  a  line  of  investigation 
that  has  furnished  practically  all  the  information  of  im- 
portance that  we  possess  on  this  complicated  subject. 

As  opposed  to  the  view  of  Chauveau,  Pasteur'  and 
certain  of  his  pupils  believed  that  the  immunity  fre- 

'  Proceedings  of  the  Biological  Society,  Washington,  D.  C,  1886, 
vol.  iii. 
2  Annales  de  I'Institut  Pasteur,  1888-'8&,  tomes  i.,  ii. 
'  Bulletin  de  I'Academie  de  MMeciue,  1880. 
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qnently  afforded  to  the  tissues  by  ail  attack  of  infection 
or  following  upon  vaccination  against  infection,  was 
due  rather  to  an  abstraction  from  the  tisanes,  by  the 
organisms  that  were  concerned  in  the  primary  attack, 
of  a  something  that  is  necessary  to  the  growth  of  the 
infecting  organism  should  it  gain  entrance  to  the  body 
at  any  subsequent  time.  This  view  is  known  as  the 
"  exhaustion  hypothesise^ 

As  to  the  exhaustion  hypothesis  of  Pasteur,  there  ih, 
as  yet,  no  evidence  whatever  for  its  support;  and,  in 
fact,  in  the  light  shed  by  more  recent  investigations  this 
is  probably  the  least  tenable  of  any  of  the  several  hy- 
|K)theses  advanced  in  explanation  of  immunity.  The 
work  of  Bitter/  which  was  undertaken  with  the  view 
of  ileteriniiiing  if,  in  the  pro<;(^ss  of  ac(juiring  immunity, 
tluTc  (K'ciinvd  this  exhaustion  from  the  tissues  of  mate- 
rial necessary  to  the  growth  of  bacteria  tliat  might  gain 
entrance  to  them  at  some  later  date,  gave  only  negative 
results.  The  flesh  of  animals  in  wliich  immuuity  had 
beijn  prodnecMl  containcMl  all  the  elements  necessary  for 
the  growth  and  nutrition  of  the  bacteria  agjiinst  which 
the  animals  had  In^en  protected,  just  as  did  the  flesh  of 
non-vaeeinate<l  animals. 

In  1884  Metsehnikoff'^  published  the  first  of  a  series 
of  observfitions  upon  the  behavior  of  certain  of  the 
meso<lermal  cells  of  lower  animals  toward  insoluble 
particles  that  may  be  jmisent  in  the  tissues  of  these 
animals.  The  outcome  of  these  investigiitions  was  the 
establishment  of  his  well-known  doctrine  of  j^hago^ 
cytosisy  the  principle  of  which   is  that  the  wandering 

»  Zoit^chiift  fur  HyK»<'np.  1««H,  Rl.  iv. 

'  Arl>eiton  uus  dom   Zoologischo.n    Institut  dcr  Universitat  Wien, 
1884,  Bd.  V.     Furt«>chritto  der  Medicin,  1884,  Bd.  ii. 
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cells  of  the  animal  organism,  the  leucocytes,  possess 
the  property  of  taking  up,  rendering  inert,  and  di- 
gesting micro-organisms  which  they  may  encounter 
in  the  tissues.  Mctchnikoff  believed  that  in  this 
way  immunity  from  infection  may  in  many,  if  not 
all,  eases  be  explained.  He  believed  that  suscepti- 
bility to  or  immunity  from  infection  was  essentially  a 
matter  between  the  invading  bacteria  on  the  one  hand, 
and  the  leucocytes  of  the  tissues  on  the  other.  The  suc- 
cess or  failure  of  the  leucocytes  in  protecting  the  animal 
against  infection  depends,  according  to  this  doctrine, 
entirely  upon  the  eflRciency  of  the  provisions  possessed 
by  them  for  destroying  bacteria.  When  these  means 
are  of  sufficient  vigor  to  bring  about  the  death  of  the 
bacteria  the  tissues  are  victorious ;  but  when  the  poisons 
generated  by  the  bacteria  are  potent  to  arrest  the  pha- 
gocytic action  of  the  leucocytes  then  the  tissues  succumb 
and  infection  results. 

Attractive  as  this  doctrine  is,  plausible  as  were  the 
arguments  Ih  sup[>ort  of  it,  it  is  nevertheless,  in  the 
liglit  of  later  evidence,  inadvisable  to  accept  it  uncondi- 
tionally in  the  sense  in  which  it  was  originally  pro- 
pounded ;  in  fact,  Metchnikoff  himself  has  in  recent 
years  seen  fit  to  adopt  certain  modifications  of  his  views 
as  first  expressed.  The  later  studies  of  a  number  of  in- 
vestigators indicate  that  while  the  leucocytes  play  an 
important  part  in  the  phenomenon  of  immunity,  it  is 
hardly  likely  that  this  always  occurs  through  their 
tiiking  up  and  digesting  within  themselves  invading 
bac^teria,  as  Metchnikoif  believed ;  but  rather  that 
their  part  in  the  process  is  to  secrete  protective  chem- 
ical substances  that  are  thrown  into  the  circulating 
blood,  and  which,  in  part  at  least,  comprise  the  de- 


BACTERIOLOOV. 

J'cnsivc  Ixtjics  to  wliicli  Biicliiier  lias  given  tLt;  iiunii.- 
"  alexins." ' 

T!ie  lirst  severe  blow  that  MetdinikoS''s  tlienry  of 
phagocytosis  rt-ceived  was  givcQ  hy  Nuttall,"  in  his 
work  upon  the  bactericidal  property  of  the  animal  econ- 
omy. In  theae  exi>eriment8  Niittall  deniunstrBted  that 
the  destruction  of  virulent  bacteria  in  tlie  bloo<l  of 
animals  was  not  necessarily  dependent  upon  the  actual 
presence  of  living  lencoeytes,  but  tliat  the  serum  of  the 
blood  when  quite  free  from  cellular  elements  poi^sesswl 
this  powei"  to  a  degree  equal  to  tliat  of  the  blood 
when  all  the  constituent  parte  were  present.  In  the 
blood,  as  such,  phagocytosis  could  be  seen;  hut,  as  a 
nde,  the  bacteria  obper\"e<l  within  leucocytes  presentetl 
evidence  of  having  undergone  degenerative  changes 
l>efyre  they  had  been  t^ken  up  by  the  wandering 
cells — t.  e-.,  the  baoteria  bad  evidently  Ix-en  injured  or 
killed  by  the  6uids  before  they  were  attacked  by  the 
phagocytes, 

Contraty  to  the  beliefs  in  esistence  &t  the  time, 
Tranbe  and  Gscbeidleii,*  as  far  back  as  1874,  demon- 
strated that  considerable  quantities  of  septic  material 
could  bo  injuct^Ml  into  the  circulation  of  warm -blooded 
animals  without  apjMirently  any  effect  upon  the  animal. 
Particularly  was  this  the  case  with  dogn.  If  they  in- 
jected into  the  circulation  of  a  dog  an  nmcb  as  I.o  c.o. 
of  decomiKising  fluid,  blo<Kl  drawn  from  the  animal 
after  from  twenty-ftiur  to  forty-eight  hours  showed  no 
special   tendi^ucy   to   deeom|)ose,   though    it   wa^   kept 

'  S«-  n«hn  :  Anhiv  fGr  Hj-gipnc,  Ifflfi.  Bd  xx\.  8.  1C6. 
'  Z«it«hrift  fur  nsi^cTic,  ISHW.  Brt.  iv. 
•  Jnhresh.  der  8nbl«>i*cheii  Gcs.   fiir  ftilwr.,   19T4 ;  Jahr.  iii.  p. 
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under  obser\'ation  for  a  long  tirae.  As  a  result  of  these 
experiments,  the  question  that  naturally  presented  itself 
was :  Does  the  animal  organism  possess  the  power  of 
rendering  septic  organisms  inert,  and  if  so,  to  what 
extent?  They  believed  this  power  of  rendering  living 
organisms  inert  to  be  possessed  by  the  circulating 
blood  to  only  a  limited  degree,  for  after  the  injection 
of  much  larger  amounts  of  the  putrid  fluid  into  the 
blood  of  the  animal  death  usually  ensued  in  from 
twentv-four  to  fortv-eight  hours.  The  blood  drawn 
from  the  animal  just  before  death  contjiined  the  living 
bacteria  of  putrefaction  and  promptly  underwent  decom- 
position. They  attributed  the  germicidal  phenomenon 
to  the  action  of  the  "  ozonized  oxygen  of  the  corpuscles 
of  the  blood." 

Similar  observations  were  made  in  1885  by  Fodor,* 
who  remarks  upon  the  rapidity  with  which  living  bac- 
teria disappear  from  the  circulating  blood  of  animals ; 
and  Wyssokowitsch,^  who  endeavored  to  explain  this 
disiipj)eanince  experimentally,  went  wide  of  the  mark 
by  concluding  that  they  were  filtered  from  the  blood 
and  digested  by  the  parenchymatous  tissues. 

In  1882  Rauschenbach  ^  demonstrated  that  when  in 
the  process  of  coagulation  fibrin  was  formed,  it  was  not 
as  a  specific  product  of  the  action  of  the  colorless  ele- 
ments of  the  bloixl  alone,  but  also  as  a  result  of  the 
combined  action  between  all  animal  protoi)lasms  and 
healthy  blood-plasma,  and  that  in  the  priKfcss  there  was 
always  a  disintegration  of  the  leucocytes  present.     In 

*  Fodor:  Archiv  fiir  Hygiene,  Bd.  iv.  S.  129. 
«  Wyssokowitsch :  Zeitschrift  fur  Hygiene,  1886,  S.  3. 
'  Uober  die  Wechselwirkuiig  zwisi-hen  Protoplasma  und  Blutplasma. 
Pissertation,  Dorpat,  183*3- 
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1H84  Grrftli'  domonstrated  further  that  vaiA  a  disinte- 
gration r»f  lfMic*rK>yt<*s  occurred  in  normal  drcolating 
bloTKl^  thou^^h  licrc  it  was  not  accompanied  by  coagula- 
tion. The  results  of  thci^c  obser\'ations  suggested  the 
quest ii>n  :  I)oo«?  such  a  disintegration  occur  when  vege- 
Uihk  protoplasm  is  intrcHhiccil  into  the  blood? 

For  the  puqx>.se  of  answering  this  question,  Grohmann/ 
a  pupil  of  Alexander  Scrhniidt,  undertook  to  study  the  ac- 
tion of  the  eireuhiting  l)l<)od  upon  the  vegetable  proto- 
plasm of  bacteria.  He  noticcKl  that  clotting  of  the  blood 
of  the  horse  was  very  much  accelerated  by  the  addition  to 
it  of  i-ertaiu  bacteria  ;  that  at  the  same  time  the  develc^ 
meiit  of  the  ba(*teria  was  checked^  and  in  the  case  of  the 
pathogenic^  varic^ties  their  virulence  was  diminished. 
Tills  was  particularly  the  ease  when  the  anthrax  bacil- 
lus was  eiii]>loy('(l. 

(iroliinaiin  srciiis  to  liave  appreciated  the  significance 
of  tills  observation,  though  he  made  no  attempt  to  study 
the  >nl))ret  more  elosclv.  lie  remarks  that  the  svstem 
pr(»l)al)ly  possesses,  In  the  plasma  ol'the  i)l(KKl,  a  body  hav- 
ing (lisinli'ctant  properties;'  His  observaticms  on  this 
particular  point  were,  however,  only  incidental,  and  it 
was  not  until  the  researches  of  Nuttall,  directed  especi- 
ally toward  the  (piestlon  of  germicidal  proj)erties  of 
normal  animal  fluids,  that  a  coni])lete  and  acceptable 
demonstration  of  this  Important  function  was  forthcom- 
ing, and  that  a  general  Interest,  commensurate  with  its 
importance,  was  created  In  the  subject. 

M^'Imt  die  Schicksili' (Icr  farl>l(>si«n  Klcnientc  in  kroisendem  Blut. 
Dissertation,  Dorpat.  iMSf. 

^  rdxT  (lie  Kinwirkiin^  (l«'s  zrllonfrrit-n  Bluti>lasma  auf  einige 
])nan/li('))(^  Mikr(>Hir>r<inisnu'n.     Dissertation,  Dorpat,  1S84, 

'  Yak.  c'it.,  pp.  G  and  :53. 
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Niittall's  results  received  confirmation  from  all  sides. 
Fodor/  Buchner,^  Lubarscli,^  Nissen/  Stern,*  Prudden,^ 
Charrin  and  Roger/  and  many  otiiers  continued  in  the 
same  line,  and  all  made  practically  the  same  observation. 

After  the  demonstration  by  Nuttall  that  tlie  serum 
of  the  blood  was  directly  detrimental  to  the  vitality  of 
certain  i)atliogenic  bacteria,  a  number  of  investigators 
inidertiMjk  to  determine  the  conditions  most  favorable  to 
the  exhibition  of  this  phenomenon,  and  further  to  decide 
upon  the  (constituent  of  tlie  serum  to  which  this  property 
is  due,  or  if  it  is  a  function  of  the  serum  only  as  a  whole. 

In  the  course  of  Buchuer's  experiments  it  was  de- 
monstrated that  the  serum  was  robbed  of  tliis  proi)erty 
by  exposure  to  a  temperature  of  55°  C  for  half  an 
hour;  that  its  efficacy  as  a  germicide  >vas  not  dimin- 
ished by  alternate  freezing  and  thaw  ing ;  that  by  dialy- 
sis or  extreme  dilution  with  distilled  water  its  germicidal 
activity  was  diminished  or  completely  checked ;  but 
that  an  equal  dilution  could  be  made,  if  sodium  chlo- 
ride solution  (0.6-0.7  per  cent.)  was  substituted  for  the 
distilled  water,  without  a  reduction  of  its  bactericidal 
activity.  From  this  he  concluded  that  the  active  ele- 
ment in  this  phenomenon  is  a  living  albumin,  an  essen- 
tial constituent  of  which  is  sodium  chloride,  and  which, 
when  robbed  of  this  salt  either  by  dialysis  or  dilution, 
becomes  inert  in  its  behavior  toward  bacteria.     For  this 

1  Central.  furBakteriologie  iind  Parasitenkunde,  1890,  Bd.  vii.  No.  24. 
^  Archiv  fiir  Hygiene,  1890,  vol.  x.  parts  1  and  2. 
3  Centralblatt  fiir  Bakteriologio  uud  Parasitenkunde,  1889,  Bd.  vL 
No.  18. 
*  Zeitscrift  fiir  Hygiene,  1889,  Bd.  vi.  part  3. 
sZcitscrift  fur  klin.  Medicin,  1890,  Bd.  viii.  parts  1  and  2. 
•New  York  Medical  Recjrd,  1890,  vol.  xxxvii.  pp.  85  and  86, 
^  Soci^tC'  do  Biolo^ie  do  Paris. 
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or  tliuse  geriiiicidul  corititituente  uf  llio  bIcMxl  he  siig- 
goateii  the  name  "  alexina." 

Buchnet  fniind,  moreover,  that  the  activity  of  the 
semiii  alone  against  bacteria  was  ^rcat^r  than  when  the 
celhilar  olemcnts  of  the  bluod  were  present.  This  he 
explains  by  the  assumption  that  in  the  serum  alone  the 
germicidal  element  pre(iomiimt«9,  whereas  in  the  blwNl, 
as  suoh,  outside  of  tlic  body,  it  is  still  present,  but  its 
influence  is  cflunteracted  by  the  nutrition  offered  to  the 
bacteria  by  the  disintegrated  cellular  elements;  so  that 
here  the  nutritive  feature  is  most  conspicuous  and  the 
destructive  activity  toward  bacteria  is  less  effectual. 

A  closer  study  of  the  nature  of  this  germicidal  ele- 
ment in  the  body  of  animals  woe  made  by  Hankin  and 
Martin.'  The  former  isolated  from  the  spleen  and 
lymphatic  glands  a  IhmIv — a  globidiu — whifh  in  solu- 
tion posscsBCH  germicidal  properties. 

Similar  germicidal,  ferment'lii<e  gloliuliiis  liave  Ijoirn 
isolated  from  the  bh>od  by  Ogata,^  and  in  their  studies 
upon  tetanus  Tizzoni  and  Cattjmi "  found  a  body  that 
was  antagcmii^tic  to  the  poison  produced  by  thu  oi^ni&m 
of  this  disease. 

In  1890  Fodor'  showed  that  the  fatal  n'sulte  of 
anthrax  infection  could  be  mntt'rially  relaiile<l  bjr 
alkalinization  of  the  circulating  blood ;  and  he  (iirther 
states  that  it  is  oircasionally  |)osKible  by  the  admin- 
istration of  alkalies  per  m  to  rescue  aninials  already 
infected. 

'  Briti-ili  Mcdint  Jounml.  Mny  ^1.  Wm. 

■  Ontrulblittt   tar  Buktcrlnlogii'  unci    rurasili-nkiinclo,  IH<li,  vol.  ix, 

6.  ram. 

»  Ibiil.,  p.  685. 

•  Fodor  :  Itailmllilnlt  fiir  BpiktPri.ili.jrii',  IBW).  ltd.  vii,  8.  753-786. 
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According  to  the  observations  of  Vauglian/  the  most 
important  germicidal  or  protective  agents  possessed  by 
the  body  are  the  nucleins ;  and  Kosscl  has  shown  that 
the  cliolera  vibrio,  streptococcus,  staphylococcus,  and 
typhoid  bacillus  are  destroyed  by  0.5  per  cent,  solution 
of  nucleiuic  acid. 

Hankin  believes  the  globulins  or  "defensive  pro- 
teids"  that  he  has  discovered  and  the  albuminoid 
bodies  studied  by  Buchner  to  be  identical.  The  most 
interesting  and,  in  the  light  of  work  that  has  appeared 
since,  tlie  most  iiiijx>rtant,  of  Hankin's  observations 
were  not  tliose  U])on  the  power  of  these  globulins  to 
destroy  the  vitality  of  living  organisms,  but  rather 
those  upon  the  relation  between  them  and  the  poison- 
ous metabolic  products  of  growth  of  the  organisms. 
For  example,  if  the  poisonous  products  of  virulent 
anthrax  bacilli  be  isolated  and  mixed  with  the  glob- 
ulin extracted  from  normal  tissues,  the  experiments  of 
Hankin  showed  a  directly  destructive  action  on  the  part 
of  the  bacterial  products.  He  found  that  the  amount  of 
poisonous  albumose  pnxluced  by  the  attniuated  anthrax 
bacilli  employed  as  vaccines  was  much  less  than  that 
produced  by  organisms  jx)ssessing  full  virulence ;  and 
he  suggested  that  perhaps  the  protective  influence  of 
vaccinations  that  are  prac^tised  by  introducing  into  the 
animal  the  organisms  that  have  been  attentuated  in  vir- 
ulence is  due  to  a  gradual  tolenince  acquired  by  the 
cells  of  the  tissues  to  the  action  of  the  poison  when 
produced  in  these  small  quantities ;  in  the  same  way 
that  a  tolerance  was  acquired  by  the  tissues  for  the 
venom  of  the  rattlesnake  in  the  experiments  of  Sewall  ^ 

*  Vaughan :  Medical  News,  May  20,  1893. 
2  Journal  of  Physiology,  1«87,  vol.  vii.  p.  203, 
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(and  more  recently  in  the  work  of  Fraser/  Galmette, 
Woir  Mitclu?!!,  and  others),  and  similar  to  that  follow- 
ing tlie  injection  into  the  tissnes  of  small  quantities  of 
heniialbuniosc,  which  in  large  amounts  rapidly  proves 
fatal. 

Of  utmost  im|K)rtance  to  these  investigations  upon 
tlu^  blood  and  fluids  of  the  IkkIv  are  the  experiments 
of  Hehring  and  Kitasato-  uiM)n  the  pnxhiction  of  ini- 
miinity  frf)n)  tct^Mius.  Tn  their  studies  ujion  the  blood 
of  animals  subjected  to  these  ex|wriments  it  was  found 
that  it  was  not  only  possible  to  render  animals  immune 
from  this  disease,  but  that  the  serum  of  the  blood  of 
thcs(^  immunized  animals  allbrdcd  immunity  when  in- 
jected into  the  peritoneal  cavity  of  other  animals  that 
liad  not  been  so  i)rot<*ctcd  ;  and  moreover,  that  in  some 
<'ascs  tliis  serum  possesses  curative  powers  over  the 
disease  after  it  has  been  in  ju'ogress  for  a  time.  They 
found,  further,  that  the  scrum  (»f  animals  that  had  been 
reuih'red  imnnuK*  from  t(*tanus,  wlien  brought  in  con- 
tact with  tlie  j)oison  of  tetanus,  <'omplctely  destroyed  its 
poisonous  properties,  and  that  th<'  serum  fmm  animals 
or  from  human  beings  that  do  not  possess  immunity 
from  tliis  disease*  has  no  such  power. 

*  Olio  of  thi'  iiiiiM>rt;nit  n*siilts  of  Fniwr's  studios  is  the  denionstim- 
tioii  tliat  tlio  1)ili>  of  normal  HT]K*iits  and  of  certain  wurm-blooded 
animals,  notably  Ixtvinos.  rabbits,  and  jiuinoa-iMj^s,  is  antitoxic  for 
s4>r|H'nt  vonom.  The  antitoxie  valuo  (»f  tbo  bib;  in  this  connection 
N'oms  to  1m'  fairly  eomiKinibIc  to  tliat  of  other  antitoxins  obtained 
from  tl)(>  libMxI  of  arti(u'ially  immnui/.cil  animals.  Its  action  is  not 
only  uropbybnti*',  bnl  also  cunitivo,  Fnisor  having  sneeeedetl  in 
roseuini;  animals  by  (lir  injection  of  bib'-cxtnict  thirty  minutes  after 
they  had  nM'civi-d  whal  woubl  othcrwi-^'  have  Immmi  a  fatal  dose  of 
cobni  noistm.     iSt-e  Ccntnilblatt  fiir  Ilakteriob>j|;ie,  IftiOT,  Ikl.  xxii.  S. 

-  H'brini;  und  Kitassito:    Deutsche   mcMl.  Wtudicnscbrift,  IsiK),  J3<J, 
jtvi.  S.  UU. 
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The  demonstration  by  Bohring  and  Kitasato  of  the 
fa(*t  that  the  serum  of  an  immunized  animal  can  not 
only  confer  immunity  upon  another  susceptible  animal, 
but  in  the  case  of  tetanus  (and  <liphtheria,  as  subse- 
quently demonstrated  by  Behring  and  his  associates), 
cure  the  disease  after  it  is  already  in  progress,  is  one  of 
the  most  important  steps  that  has  been  made  in  this 
entire  field  of  study.  The  applie^ition  of  the  principle 
involved  in  this  observation  to  the  cure  of  diphtheria 
in  man  has  resulted  in  a  triumph  which  marks  an  eiK)ch 
in  modern  s(»ientific  medicine.  The  same  principle  has 
been  employed  for  obtaining  curative  agents  against 
other  forms  of  infection  and  intoxication,  notably,  of 
Asiatic  cholera,  typhoid  fever,  lobar  pneumonia,  strep- 
tococcus and  staphylococcus  infection,  rabies,  tubenuilosis, 
bubonic  plague,  syphilis,  vaccinia,  and  serpent-venom ; 
but  unfortunatelv,  as  yet,  with  onlv  indifferent  success : 
certainly  in  no  ctise  to  the  sjime  favorable  degree  as  has 
been  seen  in  the  treatment  of  diphtheria  with  antitoxic 
serum. 

Another  hypothesis  in  explanation  of  the  immunity 
acquired  by  the  tissues  of  the  animal  organism  is  that 
advanced  by  Buchner,*  who  suggests  that  in  the  primary 
infection,  from  which  the  animal  has  recovered,  there 
has  been  produced  a  reactive  chamfe  in  the  integral  cells 
of  the  body  that  enables  them  to  protect  themselves 
against  subsequent  inroads  of  the  same  organism. 
Though  somewhat  more  vague  at  first  glance  than  the 
other  theories  in  regard  to  this  phenomenon,  it  has, 
nevertheless,  much  to  recommend  it,  and  in  the  light 
of  subsequent  research   is  regarded  by  many  as  prob- 

1  Buchner :  Eiue  neiio  Theorie  ulH;r  Erzieluug  vou  Immunitat  ge^eii 
lufektiouskranklieiteu.    Muenclien,  1863, 
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ably  the  correct  explanation  of  the  efltablishnioiit  uf  i 
muiiity  in  a  number  of,  if  not  in  all,  eases.    Experiraci 
that  bear  directly   npim  this  iiIlu  hare  demonslralec 
that,  if  animiiU  !>e  unhjeitcd  lo  nywtions  of  the  pois<i 
ous  pro<luctfc  of  growth   of  eertain  \irultnt  baitirit 
they  respond  to  this  trentment   b\   iniin   or  less  pre 
noiinced  constitutional  raition-.    ami  that  during  t 
period,  and  for  a  short  time  following,  tliey  are  proteclot 
from  the  invasion  of  the  virnlmt  biteteria  thoniselvo 
This   observation  has,  moreover,  not  been  confined  I 
those  cases  in  wliieh  injections  of  the  prodncts  of  grow 
were   followed   by  inoculations  with   the   bacteria  1 
whieh  they  were  pivxlnced,  but,  what  is  still  more  i 
tercstinp;   and   <ontirniatory   of   Biiehiier's   view,  it   i 
claimed  that  a  sort  nf  piiiti'ctioii  from  i«riain  speoilii 
infections  can  al-.o  he  afforde*!  to  animals  by  the  injoc 
tinn  into  them  of  eiiltiires  of  entirely  dilTereiit  speoiei  0 
bacteria,  or  their  products,  and  that  in  some  cases  the* 
are  not  of  necessity   of  the  disease-producing  variet 
For  in'-tanee,  Emmerich   and    Mattei'  chiim   to   1 
rendereii  nbbito  msiiscoptihle  to  anthrax  throngli  ioje 
tions  into  them  of  eullures  of  the  streptiK-oecns  of  e 
sipelas. 

This,  they  claimed,  is  not  due  to  any  anlagonism  I 
tween  the  two   oi^tnisms   themselves,  for   in   cu] 
experiments    they   grew    well    tcigelher,    witliout 
alteration   in   their   patht^nic   piiiperties;   but  i 
to  the  induction  of  a  tissue  activity  by  which  resistai 
to  the  inniads  of  the  virulent  bacilli  wajs  i^«tablishe< 
EmmcHuh  and  Mattei  int^-qirct  this  "reactiv 
change"  as  a  power  uctpiired  by  the  integral  cells  of  th« 
body,  through  the  influence  of  a  stimnliis,  of  generating: 

■  Emnivrii;]!  mid  Mnltci :  Fi'H^hrittc  dor  Modicin,  1SH7,  S.  053, 
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a  product  that  is  detrimental  to  the  pathogenic  activity 
of  the  anthrax  bacilli.  In  a  later  paper*  Emmerich,  in 
association  with  Low,  offer  still  another  explanation  for 
the  phenomenon.  They  believe  that  the  protection 
afforded  an  animal  from  a  specific  infective  organism 
by  the  injection  into  it  of  another  organism  or  the 
j)roducts  of  its  growth  is  due  to  the  direct  bacteriolytic 
action  of  the  enzymes  peculiar  to  the  latter  upon  the 
former  species.  In  their  o})inion,  the  enzymes  of  the 
latter  organism  enter  into  a  more  or  less  stable  combina- 
tion with  the  living  protoplasm,  and  in  this  state  are 
actively  destructive  (digestive)  for  the  invading  patho- 
genic species. 

Pawlowsky,-  who  obtained  similar  results  from  the 
introduction  into  animals  of  cultures  of  bacillus  pro- 
difjflosHSy  of  staphylococcus  pyogenes  aureus,  and  of  mf- 
crococcus  lanceolatus,  believes  them  to  be  due  to  the 
induction  of  increased  energy  on  the  part  of  the  wan- 
dering cells,  j)reparing  them  thus  for  the  difficult  task 
of  destroying  the  more  virulent  organisms  with  which 
the  animal  is  subsequently  to  be  inoculated. 

Protection  afflmled  in  this  way  apparently  contra- 
indicates  a  specific  relation  between  the  morbific  ele- 
ments of  particular  infections  and  the  protective  sub- 
stances that  are  i)resent  in  the  body  of  the  animal  that 
has  been  rendered  insusceptible  to  them.  It  is  proba- 
ble, however,  that  this  is  only  apparent,  and  that  the 
observations  of  Emmerich  and  Mattel  and  of  Paw- 
lowsky can  be  interpreted  in  another  way :  in  the  blood 
of  animals  there  is  present  what  may  be  termed  a  nor- 

'^  Eniinmerich  uud  Low :    Zeitschrift  fiir  Hygiene  und  iDfektions- 
krankheiten.  1899,  Bd.  xxxi.  S.  l-()5. 
^  Pawlowsky :  Virchow's  Archiv,  vol.  cviii.  p.  494. 
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iiial  protwtive  (Biifliiitr'd  iilexiua)  haviug  im  s|)eci( 
rulutiuus  to  any  purticiiiar  variety  of  Itifc^tiun,  but  oSeii 
iiig  some  protectiou,  more  or  Ut«  compk'te,  to  the  i 
mul  against  all   ba(!l«riul  iovatiioii.      JJy   ttie  iuetho( 
employed  in  ttie  preceding  ejcperiineut»  it  se«>nis  likeln 
ill  the  ligbt  ui'  more  recent  work,  timt  tbU  normal  aatf 
dote   was  simply   teiH[iorurUt/  <nvrutua(M  through   ■ 
tissue-stimulation  resultant  upon  the  treatment  that  the 
aiiimuls  had  tt^ceived,  ibr  it  is  not   possible  to  bring 
about  in  this  way  as  high  or  as  permanent  a  decree  of^ 
immunity  in  an  animal  frum  a  particular  disease  as  thi 
which  can  be  obtained  by  tlie  use  of  tlie  specific  i 
organism  causing   the   disease,  or  the  products  of  i 
growth,  espeeially  the  latter. 

A  striking  ilUistriition  of  this  prot<«tivo  reaction  4 
the  part  of  the  animal  tisanes   is  brought  out  in  I 
course  of  R.  PfeiHer'fi'  exiieriments  on  Asiatic  choler) 
He  found  that  it  was  possible  to  cunfi-r  immunity  up4 
animals  from  tiiis  dise.ase  ;  that  the  bliwKl-senim  of  euof 
animals  protect<'d  snsi'eptible  animals  into  which  it  ■» 
injeetfd  against  what  would  otherwise  be  a  fiital  ilose  Q 
the  choleni  spirillum  ;  that  the  peritoneal  fluids  of  ti 
artificially  immuniised  animal  had  an  almost  insta 
ncous  dmnterfi-nliiig  (bad er inly tir),  bactericidal    : 
u[)on  living  cholera  spirilla  that  were  injected  into  tl 
I>eritoneaI    cavity ;    that  the  ticnim    from    the  immni 
animal   had   no   such   effeet   Ufxin    cholera   spirilla  s 
the  tcsl>-tul>e;  but  when  virulent  chujini  spirilla  ' 
inji'ctcd  into  the  jK'Htoneum  of  an  animal  that  was 
immune,  and  this  was  at  oncie  followed  by  an  intra 
peritoneal  injection  of  serum  from  iin  immune  auimall 
'Pfeiff^r:  ZellscbHft  dir  Hygiene  nail  LorvktiuusknuUieilea,  BAfl 
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almost  instantly  the  peculiar  disintegration  of  the  bac- 
teria, as  ol)ser\^ed  in  the  peritoneum  of  the  immune  ani- 
mal, could  be  detected.  Tiiis  latter  observation  is  of 
the  utmost  importance  in  its  bearing  on  Buchner's 
hypothesis,  for  we  see  here  a  serum  from  an  immune 
animal  that  is  capable  of  conferring  immunity  ;  capable, 
on  injection  into  a  susceptible  animal,  of  endowing  its 
fluids  with  the  peculiar  disintegrating,  germicidal 
function  noted  in  tiie  peritoneum  of  the  immune  ani- 
mal from  which  the  serum  originated ;  incapable  of 
bacteriolytic  activity  outside  the  body,  but  the  influ- 
ence of  which  in  the  peritoneum  of  a  susceptible  ani- 
mal is  to  call  forth  at  once  this  interesting  phenomenon. 
Manifestly  the  germicidal  substance  in  this  case  is 
contained  neither  in  the  protective  serum  nor  in  the 
peritoneum  of  the  susceptible  animal  before  receiving 
the  serum,  but  either  is  generated  by  the  tissues  as  a 
result  of  the  specific  irritation  by  a  something  con- 
tained in  this  serum — /.  e.,  in  consequeuce  of  a  reac- 
tion on  the  part  of  the  })eritoneal  tissues,  or  possibly 
those  of  the  entire  animal — or  else  it  is,  as  Ehrlich 
conceives  it  to  be,  a  complex  whose  physiologic^ 
activity  depends  ui>on  the  union  of  at  least  two  essen- 
tial groups — the  one  present  in  the  serum  of  the  im- 
mune animal,  and  the  other  in  the  fluids  of  the  normal 
animal. 

In  more  recent  investigations  Pfeiffer,  in  association 
with  Marx,  has  found  that  the  antitoxic  substiuices  in 
cholera-immune  animals  are  much  more  abundant  in 
the  blood-building  organs — spleen,  lymphatic  glands, 
and  bone-marrow — than  in  either  the  blood  or  other 
tissues.* 

*  Pfeiffer  und  Marx :  Deutsche  med.  Wochenschrift,  1898,  No.  3. 
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'riic  iiX|MriiiH'iitHof'f«.  and  F.  Kleniperer'  upon  acul 
flljriniJiii'  pm-iiniuiiia,  though  ttx)  UinittHl  in  extent  I 
1(0  uort'|>t('(i   an   c'onchirtivo,   iiresented    neverthelea 
niiiiihcr  lit'  must   Hif^niliuuit   euggei^tions,  not  only  i 
I'liiiiiirtinTi  with  rtcv<'nil  olxtcuri'  f'etttiiri'S  of  this  dise 
lull  in  Mu'ir  IiimiiiUt  iHiunng  ui>on  acquired  t 
\i\wv  in  j^cniTid. 

Thtwi  uiilhurH  found  but  little  difficulty  in  confer 
ininiunily  upon  nnimuls  that  an<  otherwise  susoeptil 
t)ii>  jmtliiigt-nit-  aotion  of  the  organ  i is tiiii  <^unL>emed  ii 
pnHhii'tioti  iif  thtH  di8eaK<-,'l>y  llie  intruilui-tion  intotJ 


■til  of  tilt!  organisms  t 
•jMiratcd.  The  iniin 
c  (UisoH  to  Inst  88  long  s 
to  disappear  suddenly  a 
It  WHS  seen  in  one  ( 


f  of  till'  priKliiotB  of  gi 
whi<')i   llic  lattt^r  had  Ix-en 
Iliufi  pi-oducfd  \e  Bceu  in  w 
nix  months;  again  it  ii^  wi 
a  way  not  \a  be  explained, 
to  be  hcTi^itJiry,  prolmbly  having  been  Iransmitted 
the  young,  during  the  uumug-period,  through  the 
of  the   luoiher,   us   Ehrlich'   has   shown   t«   occur 
animalij  artifieiully  iuinuuized   from   abria,  ricia, 
robia. 

substum 


lergy  < 


:  pow 


affording  ininiunity  waH  wen  to  Ijc  very  much  increased^ 
by  subjecting  it  to  tcmiH-mtiires  somewliat  liigher  than" 
that  at  whidi  it  was  produced  by  the  Ijacteria.     The 
Klempen.-rs  found  tliat  if  this  eubstanoo  was  heated  to 

■Ct.  and  F.  K1mi)>cT«r:  Ikrliiicr  kliit,  Wool] cnwh rift,  1H91,  N<n.J 
34  hikI  a'i. 

>  Animalu  do  iiat.  as  n  nilif,  present  IJie  imeiimoiiii:'  phtoigra  scvd  iB-fl 
bunmn  beings.  The  iulrodnction  nl  microforcHi  lanrfolalm  iulo  Ib^fl 
tisaura  TOMtlts,  iti  tbeotse  of  BUiweptililc  niilmalA,  In  ll>:  production  of  ■ 
H'pliuEmU. 

'  Klirlii-li :  Zvitacliiift  i^rHygieDG  uud  lufekdouBkniDklmiWii,  l( 
Bd.  xli.  a  183. 


INFECTION  AND  IMMUNITY,  561 

a  temperature  of  from  41°  to  42°  C.  for  three  or  four 
days,  or  to  60^  C.  for  from  one  to  two  hours,  its  intra- 
venous injection  was  followed  by  complete  immunity 
in  from  three  to  four  days ;  whereas,  if  the  unwarmed 
material  was  used,  immunity  did  not  appear  before 
fourteen  days,  and  then  only  after  the  employment  of 
relatively  large  amounts.  Moreover,  when  the  pre- 
viously heated  products  are  intnxluced  into  the  circu- 
lation of  the  animal  the  systemic  reaction  is  of  but 
short  duration;  but  if  the  unwarmed  substance  is 
employed,  immunity  is  manifest  only  after  the  onset 
of  considerable  elevation  of  temperature,  which  lasts 
for  a  long  time. 

In  explanation  of  these  differences  they  suggested 
that,  in  the  latter  case,  the  high  fever  that  is  seen  to 
occur  in  the  animal  may  serve  to  replace  the  warming 
to  which  the  bacterial  products  had  not  previously  been 
subjected,  and  which  is  necessary  before  they  are  in  a 
position  to  bring  about  the  condition  of  immunity. 
They  claimed  that  the  bacterial  products  employed  to 
produce  immunity  in  this  case  are  not,  in  reality,  the 
immunity-affording  substance,  but  that  they  are  only 
the  agents  that  bring  about  in  the  tissues  of  the  animal 
alterations  that  result  in  the  production  of  another  body 
that  protects  the  animal.  In  support  of  this,  their 
argument  was  that  several  days  are  necessary  for  the 
production  of  immunity  by  the  introduction  into  the 
animal  of  the  bacterial  products ;  whereas,  if  the  blood- 
serum  of  this  animal,  which  is  now  protected,  be  intro- 
duced into  the  circulation  of  another  animal,  no  such 
delay  is  seen,  but  instead  the  animal  is  forthwith  pro- 
tected. In  the  former  case  the  actual  protecting  body 
had  first  to  be  manufactured  by  the  tissues;  whereas 
36 
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in  i\u:  sijcj^iui  U  in  alitiniv  iirqwivil,  uiii]  is  intrtKli 
a^  sncli  into  tilt.'  isticoml  itiiiriial. 

TliGBO  iiutlioni  fuuml  the  stTiini  of  artifidiillv 
izpil  nnimiils  to  he  not  only  aipable  iif  remleriiig  otluT 
aniniule  imnitnie,  but  to  be  possesseil  of  curative  puwt^rs 
when  the  disease  was  alpetMiy  in  progrt'sa.  The  Hcrum 
of  imniiiiiizeil  tininiuls  wliiin  inject^Kl  inhi  the  drcula- 
tiou  iif  unimtils  in  wliicii  tlifrc  wiia  a  IwMU'-t^miH'ratnre 
of  from  40.4°  to  41^  (.'.  n^liieed  thia  t^mpcratiirt-  to 
normal  (37. S"  C.)  in  twt4ve  ooiiseeiitivc  expeririienis 
during  the  lirt^t  twenty-fonr  bours  following  its  employ- 
ment. 

In  their  opinion,  the  crisis  seen  in  pneumonia  in 
liunmn  beings  indicates  the  moment  at  which  tlie  pois- 
onuna  products,  manufactured  by  the  bacteria  loeat4?<l 
in  the  lungs,  are  present  in  the  circuluiiuu  in  amounts 
sulfieient  to  stimulate  the  tis.«ues  -to  the  reaction  tbut 
results  in  the  protluetion  of  the  a jrfi(fo'«/ substance  that 
has  the  power  of  rendering  the  poisons  inert. 

At  the  time  of  the  crisis  in  pneumonia  the  baol 
themselves  are  in  no  way  affected.     They  remaiu  id 
lungs,  and  can  be  detected,  in  full  vigor  iind  vil 
in  tlie  sputum  of  patients  a  long  time  after  the  iIm 
is  cured.     They  have  lt>st  none  of  their  jwwer  of 
ducing  poisonous  products,  and  still  piinscse  their  0] 
inal    pathogenic   relations  towanl  susceptible 
It  is  only  afler  the  crisis  that  their  poisons  are  nei 
ised  by  this  antidotal  proteid  that  has  been  prodi 
by  the  oelle  of  the  tissues,  and  as  this  occurs  the 
teniic  manifestutions  gradually  disappear.     The  Kl( 
perers  claim  to  have  isolated  iVom  cullures  of  mi 
CfMvtiH  Inncrotfihin  a  pmteid  body  that  is  the  agent 
cemod  in  pniducing  Uie  tisflue-poaction  which  results  9 
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the  formation  of  the  protecting  siil)stance.  They  like- 
wise isohited  from  the  serum  of  immunized  animals 
a  proteid  that  possessed  the  same  powers  as  the  serum 
itself,  viz.,  of  affording  immunity  and  curing  the 
disease. 

Here,  again,  it  appears  that  the  proc^esses  of  infection 
and  immunity  are  chemical  in  their  nature,  the  active 
poisons  of  the  invading  organisms — "the  pncumo- 
toxins  " — being  instrumental  in  producing  the  diseased 
condition,  while  the  antidotal  or  resisting  body  of  the 
tissues — "the  anti-pneumotoxin "  —  is  the  agent  by 
which  the  poison  is  neutralized. 

Results  in  general  analogous  to  those  of  G.  and  F. 
Klemperer  have  also  been  obtained  by  Emmerich  and 
Fowitzky.* 

In  the  light  of  these  experiments  the  hyjwthesis 
advanced  by  Buchner,  that  the  establishment  of  im- 
munity is  to  be  explained  by  reactive  changes  in  the 
integral  cells  of  the  body,  receives  additional  support, 
and  when  we  consider  the  observations  of  Bitter,^  who 
found  that  in  protective  vaccinations  against  anthrax 
the  vaccines  do  not  disseminate  themselves  through 
the  body,  as  is  the  case  when  the  virulent  organisms 
are  introduced,  but  remain  at  the  site  of  inoculation, 
and  from  this  point  produce,  by  the  absorption  of  their 
chemical  products,  the  systemic  changes  through  which 
the  animal  is  protected  against  subsequent  infection  by 
the  virulent  organisms,  we  feel  justifi(»d  in  concluding 
that  the  weight  of  evidence  is  strongly  in  favor  of  this 
view. 

*  Emmerich  and  B'owitzky:  Miinchencr  med.  Wochenschrift,  1891, 
No.  32. 
«  Bitter:  Zeitw^hrift  fur  Hygiene,  1887,  Bd.  iv. 
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The  most  recent  interpretation  of  this  phenomenon  is 
that  proposed  by  Ehrlich  in  1897,*  It  is  generally 
known  a.s  his  "  side  chain  "  or  "  lateiBl  bond  "  (Seiten- 
kette)  theory  of  immunity.  It  is  <Hie  of  the  most 
attractive  of  all  the  hypotheses  that  have  been  advanced, 
and  is  in  many  ways  the  most  satisfiictory. 

Its  fuiKhimcntal  features  comprise  the  acoeptanoe  of 
Wcigert's  (l<K'trinc  concerning  the  mechanism  of  physio- 
logical tissue-cHiuilibrinm  and  repair;  and  the  assump- 
tion of  a  s)KH3ific  combining  relation,  or  affinity,  between 
toxic  substances  and  the  cells  of  particular  tissues. 

At  the  meeting  of  German  Naturalists  and  Physicians 
hold  at  Frankfort-on-the-Main,  in  1896,  Weigert*  ad- 
vanced an  hyi)otlu»sis  the  essential  features  of  which 
are  that  physioloiijieal  structure  and  function  depend 
u])on  the  oquilihriuin  of  the  tissues  maintained  by  virtue 
of  mutual  restraint  hotween  its  comj^onent  cells ;  that  de- 
struction of  a  single  integer  or  group  of  integers  of  a  tissue 
or  a  cell  nMuoves  a  corresjKmding  amount  of  restraint  at 
the  point  injured,  and  therefore  destn)ys  equilibrium  and 
permits  of  the  abnormal  exhibition  of  bioplastic  ener- 
gies on  tJK^  part  of  the  remaining  uninjured  components, 
which  activity  may  be  view(?d  as  a  compensating  hyper- 
plasia ;  that  hyperplasia  is  not  therefore  the  direct 
result  of  external  irritation,  and  cannot  be,  since  the 
action  of  the  irritant  is  destructive  and  is  confined  to 
the  cells  or  integers  of  cells  that  it  destroys,  but  occurs 
rather  indirectly  as  a  function  of  the  surrounding  unin- 
jured tissues  that  have  l)een  excited  to  bioplastic  activity 

»  Ehrlich:  Klinisihcs  Jahrhiich,  1S97,  Bd.  vi.  Heft  2.  S.  309. 

'  Weigcrt,  Carl :  **  Noue  FragestoUunjfcn  in  d(?r  luithologischen  Anat- 
omic," Verhandlungen  der  Ges.  dcatscher  Naturforscher  und  Aerzte, 
189(i,  S,  121. 
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oiigh  the  removal  of  the  restraint  hitherto  exerted  by 
cells  (lcstn>ycd  by  the  irritant;  and,  finally,  when 
iich  bioplastic  activity  is  called  into  play  there  is  always 
A^/>f/-coinpensation — /.  e,,  there  is  more  plastic  material 
gencrateil  than  is  necessary  to  compensate  for  the  loss. 
Ehrlich  applies  this  idea  to  the  individual  cell,  which 
he  conceives  to  be  a  complex  molecule,  comprising  a 
primary  central  nucleus  to  which  are  attacheil  by  side 
chains  its  secondary  atom-groups,  in  much  the  same  way 
that  our  conception  of  the  reaction-structure  of  complex 
organic  cliemical  compounds  is  represented  graphically. 
Injury  to  one  or  more  of  these  physiologically  essential 
atom-groups  results,  according  to  the  view  of  Weigert, 
in  disturbance  of  the  cell-equilibrium  and  consequent 
effort  on  the  part  of  the  surrounding  atom-grou{>s  at 
compensatory  repair.  With  this  libemtion  of  bioplastic 
energy  there  is  more  plastic  material  generated  than  is 
necessary  for  the  repair  of  the  injury.  The  excess  of 
this  material  finds  its  way  into  the  bhxxl  and,  as  we 
shall  presently  see,  is  regarded  by  Ehrlich  as  the  reid 
antitoxic  substance.  Assuming  a  sixHjific  combining 
relation  between  toxic  substances  and  particular  cells  or 
secondary  atom-groups  of  cells — and  there  are  experi- 
mental grounds  for  this  assumption^ — it  is  evident  that 
the  combination  between  the  intoxicant  and  the  partic- 
ular atom-group  for  which  it  has  a  specific  affinity  is 
indirectly  the  cause  of  compensatory  bioplastic  activity 
on  the  part  of  similar  surrounding  atom-groups  that 
have  not  been  destroyed.     This  results,  as  we  learned 

1  See  Wassermann  und  Takaki :  '*  Ueber  tetanus  antitozische  Eigen- 
scbaftcn  des  normalen  Central nervensystems,"  Berliner  kliu.  Wocbcn- 
schrift,  1898,  No.  1.  S.  5.  Ncisffcr  und  Wechshcrff:  Zeitscbrift  fur 
Hyfiriene  und  Infektionskrankbeiteu^  Bd.  xxxvi,  S*  9199,  Madson; 
Ibid.,  Bd.  zzxu.  S.  HU, 
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iilxjve,  ill  liyiKTCompensatuiii,  lUe  excess  at'  plastic  maU 
rial  being  discngjiged  from  iho  pareiit-t-fU  and  thn 
free  into  tiie  circulating  fluids,  lliere  to  combine  dirt 
with  tlie  saiuu  intoxicant  diould  it  subsequently  | 
access  to  tlie  animal.  This  excess  of  pliistie  material 
thruwn  into  the  eirculatiou  combines,  aceni-ding  to  Ehr- 
liuli,'  directly  with  the  intoxicant  to  form  physiolugie- 
ally  inactive  toxin — antitoxin  compounds  (see  jiagu  497), 
and  can  tlierefore  be  reasonably  rogarded  as  the  uutUox'tc 
niiiterial  of  animals  immune  from  bacterial  and  other^ 
toxins.  Since  the  announcement  of  that  doctrine  n 
iniiwrtaut  advances  have  been  made  in  our  knowledge  qi 
tlio  suijjuct.  We  have  ieiirned  that  immnnity  or  tolera 
may  be  induced  by  the  use  of  other  intoxicantti  than  th< 
elaborate*!  by  bacteria,  and  by  the  employment  of  otli 
cells  and  cell  secn-tions.  It  lias  been  demonstrated  t 
anti-bodies,  differing  In  their  specific  actions  fnsm  a 
toxins,  but  originating  pmlndjly  in  a  similar  manner,  ■ 
to  l>e  detected  in  the  fluids  of  animals  thus  immuniz 
ren<lered  tolerant.  For  a  long  time  we  have  knov 
the  gcrmieidat  action  of  normal  blood-serum;  forsevei 
years  we  have  been  familiar  with  the  singular  1: 
lytic  phenomenon  demonstrated  by  Pfelffer  in  the  ] 
toneum  of  animals  immune  of  cholera; 
we  have  learned  tluit  immunity  from  a  variety  of  ijij 
tions  is  accompanied  by  a  p()wer  on  the  part  ( 
Mirum  of  the  immune  animal  to  agglutinate  tlie  b 
luuising  the  infection ;  and  the  profoundly  inte 
investigalions  of  Bordet,  Moxter,  von  Dungern, 
mid  others,  have  :^hown  that  immunity  may  be  ii 
IWiiu  (H-lls  and  secretions  of  animal  origin  hitherto  I 
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garded  as  non-irritating  and  harmless.  For  instance, 
we  have  learned  tliat  the  blood  of  one  animal  may  cause 
fatal  intoxication  when  injected  into  an  animal  of  dif- 
ferent species;  but  if  that  blood  be  repeatedly  injected 
in  non-fatal  amounts,  the  animal  receiving  the  injections 
after  a  while  becomes  tolerant,  and  its  serum  reveals  the 
property  not  only  of  robbing  the  alien  blood  of  its 
hurtful  properties,  but  also  of  actually  dissolving  its 
corpuscles  (haemolysis)  in  a  test-tube.  In  an  analogous 
way,  if  such  tissue-cells  as  epithelium  or  spermatozoa 
be  injected  repeatedly  into  the  tissues  of  animals,  the 
serum  of  the  blood  of  those  animals  aajuires  the  power 
of  dissolving  (digesting)  such  cells  outside  the  body ; 
and  if  so  inert  a  secretion  as  milk  be  injected  into  the 
tissues,  the  blood-serum  of  the  animal  receiving  the 
injections  after  a  time  reacts  specifically  with  that  milk 
in  a  test-tube — /.  r.,  precipitates  it.  From  the  foregoing 
we  see  that  in  the  numerous  phases  and  expressions  of 
this  pliysiological  jx^ssibility  there  are  produced  anti- 
lK)dies  having  functions  totally  different  from  those 
attributed  by  Ehrlich  to  antitoxins — /.  c,  we  have 
lysins,  agglutinins,  precipitins,  etc.,  that  in  their  mode 
of  action  suggest  ferments  with  specific  affinities.  It  is 
evident  that  when  broadly  conceived  the  mechanism  of 
immunity  comprehends  very  much  more  than  the  neu- 
tralization of  a  bacterial  toxin  by  an  antitoxin ;  and, 
what  is  more  to  the  point,  in  many  of  these  conditions 
ci  immunity  or  tolerance  alx)ve  noted  antitoxins  as  we 
know  them,  are  not  present  at  all. 

In  an  important  series  of  papers  on  the  hfemolysins 
subsequently   published    by   P^hrlich   and    Morgenroth* 

'  Ehrlich  imd  Morgenroth ;  Berliner  kliuiscbo  Wochenschrift,  1899, 
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all  t'flort  is  hiihIl'  tii  L-liieidatc  further  tlif  finer  niceiiarV' 
ism  of  inimuiiity  in  it»  broad  sense  and  various  (.'xprc 
HJon.s,  and  to  adiipt  the  side-chain  doctrine  to  those  mot 
complicated  plienoniena  in  which  immunity  depends  nd 
only  uii  the  elaboration  of  antitoxins,  bnt  also  upon  i 
])<iwer  on  the  part  of  the  nnimul  fluids  to  cause  a  com 
plete  metamorphusis  or  (liiuppL'anince  of  sudi  jxirticuUn 
matters  as  bacterial  and  other  irritating  or  poisonoiia" 
cells  and  aubstances.  They  believe  the  forces  at  work 
in  the  establishment  of  immunity  from  bacteriu  and 
from  bacterial  and  other  toxins,  those  operative  in 
elaboration  of  the  newly  discuvered  lysins,  antilysi 
agglutinins,  pi-ecipitins,  fermenta,  untifermenta,  etc., 
well  as  those  ctmeerned  in  physiological  assimilation  a 
nntrition,  to  l>e  fundamentally  identical.  They  he. 
susceptibility  in  general,  as  well  as  juiwcr  to  asaim 
nutrition,  to  be  explainable  thningh  the  assumptiou  thi 
special  miilceular  groups  of  the  living  protoplasm  i 
endowed  with  specific  combining  affinities  for  iKirficuIn 
matters;  and  in  so  far  us~the  establishment  of  dia 
concerned,  they  r^ard  the  rt-ceptivity  of  the  indi' 
to  be  determined  entirely  by  the  greater  or  leas  su* 
bility  of  those  protoplasmic  molecular  groups — "reoepl 
tors,"  as  they  designate  them — to  disease-pi 
agents.  In  individuals  that  have  been  artificially  i 
munized  from  hurtful  substances,  they  Wlieve  (in  r 
oration  of  Ehrlich's  view  expressed  above)  that 
receptive  molecules  have  lieen  more  or  less  mi 
according  to  the  degree  of  immunity,  through  b 


Bd.  izi7i.  S.  a  «nd  181 :  1900,  Bil.  xx<ivil.  S.  403  und  68] ;  leoi,  I 
xiivili.  S.  851,  flflS,  59S.    Sre  alan  9chlii»betfH.-htTinB :   Ehrliph.  IlC 
yuthn&int'*  SptwienoQ   Patbulagio  and  Tborapk,   ad.  viW.  Tlieil  LJ 
Heft  3.8.161. 
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activity  of  similar,  unimpaired  atom-groujw  surrounding 
those  more  directly  influenced  by  the  intoxicant  during 
the  process  of  immunization  (see  page  565);  and  that 
this  excess  of  such  "  receptors,"  although  physiologically 
useless,  being  of  no  known  service  to  normal  function, 
circulates  unchanged  in  the  blood,  and  serves,  through 
specific  combining  affinity  for  the  poison  against  which 
the  animal  has  been  rendered  immune,  to  protect  the 
normal  tissues  from  its  hurtful  action. 

According  to  the  nature  of  the  irritant  from  which 
the  animal  has  been  immunized,  the  "receptor"  is  con- 
ceived to  be  either  of  simple  or  complex  construction, 
and  its  protective  function  to  be  performed  in  either  a 
comparatively  simple  or  in  a  more  or  less  complicated 
and  roundabout  manner. 

As  a  result  of  his  studies  of  toxins,  Ehrlich  reached 
the  conclusion  that  they  are  composed  of  at  least  two 
functionally  distinct  atom-groups :  the  one,  a  "  hapto- 
phore  "  group,  characterized  by  its  combining  tendencies ; 
the  other,  a  "toxophore"  group,  distinguished  for  its 
intoxicating  powers ;  and  that  for  the  exhibition  of  its 
hurtful  characteristics  a  toxin  molecule  needs  to  be  first 
anchored,  so  to  speak,  to  the  susceptible  tissue  by  the 
"  haptophore  "  group,  after  which  its  intoxicating  char- 
acteristics are  exhibited  by  the  "  toxophore  "  group.  He 
conceives  the  "  receptors  "  to  be  likewise  provided  with 
"  haptophore  "  groups  that  pair  with  the  corresponding 
"  haptophores "  of  the  poison  to  which  the  animal  is 
susceptible  or  from  which  it  has  been  immunized.  Where 
immunization  has  been  induced  against  such  relatively 
simple  substances  as  toxins,  ferments,  and  certain  cell 
secretions,  the  "receptors"  and  their  functions  are  com- 
paratively simple — /.  e.y  the  single  haptophore  of  the 
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simple  receptor  piiirs  witli  that  of  the  intoxicant  aad  t 
pliysiologieally    intrt   eoinpU-x   rtwitlts.     He    conceive 
antitoxins  to   be   simple   roceptorn  of    tliis   type,  and 
believes  the  netitniliiGitioii  of  toxins  by  tliem  (o  take 
pluue  in  this  manner.     On  the  other  bund,  if  tbe  im 
muuizatiou  of  ao  uuiintil  is  accompanied  by  an  ac(|n!n 
(ww-er  on  the  part  of  itu  serum  to  disintegrate  bat'tcri 
to  dissolve  alien  erythrocytes,  to  digest  sncli  (x'llula 
elements  as  epithelium  an<l  ftpermiitozoa,  to  precipita 
milk,   or   a^lutinate  bacterial   or   bl<Hid-cells,   as   ' 
studlaj  of  PfeifFer,  Bordot,  von  Dungern,  Moxter,  '. 
Bflfoute  and  Carbon,  MelsolmikofT,  Grubcr,  Durliai 
Widul,  and  others,  have  demonstrated,  then  the  pre 
becomes  less  simple,  and  the  af^miic  grouping  of  t 
ns.-eptive   molecule  is   correspondingly   more   eoniple: 
In  some  cases  the  receptor  is  provided  whli  both  a  b 
tophore  and   a    ferment-like   (zj-mophore)   group; 
finietion  of  the  former  being  to  ci^)mhinc  with  aad  ho] 
in  clo^G  proximity  to  the  latter  the  albumin  molec 
that  is   to  bo  destroyed  or  assimilated ;    in   this  ' 
bringing  nnd   holding  the   albumin   molecule   i 
under  the  influence  of  the  Bymopbore  group.     In  c 
cases  the  "  recejitor  "  functions  symbolically,  so 
with  a  compiemcntiiry  something  that  circulates  i 
mally  in  the  blood,  the  so-called  "  complement  "  of  1 
lich  iind  Morgenroth.     Under  thcfle  circiimstaDoes  I 
"  ret^ptor  "  is  conceived  to  be  provided  with  two  " 
tophore  "  groups,  and  become-t  an  "  amboceptor,"  t 
fore,  the  one  liaptopliore  of  which  takes  up  and  f 
the  invading  bacteria,  tissue-cell,  or  alhnmin  mol 
while   the  other   jtairs   with    llie   corri'i[>"ii'Ung    lia| 
t<iphore  of  the  complement,   fixing  the  lattir  lit  cl« 
proximity  to  the  invading  IhmJv,  and  ihert'hy  favui 
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the  immediate  destructive  activity  of  its  "  zymotoxic  " 
group. 

It  is  iuteresting  to  note  in  connection  with  this 
hypothesis,  that  both  "  receptors  "  and  "  complements  " 
are  present  in  normal  susceptible,  as  well  as  in  immune 
animals,  but  that  during  immunization  only  the  **  rcH*e]i- 
tors  "  are  multiplied  as  a  result  of  the  s|)ecific  stinnila- 
tion  necessary  to  the  establishment  of  immunity. 

According  to  the  nature  of  the  intoxicant  fn)m  which 
the  animal  is  immunized,  the  one  or  the  other  of  the 
structurally  and  functionally  different  tyiHJs  of  receptorH 
is  increased — /.  e,,  in  immunity  from  a  simple  toxin  the 
simplest  type  of  receptor  appears  in  the  blood  (rece[)t4)rH 
of  the  first  order,  Ehrlich) ;  in  immunity  that  is  asso- 
ciated with  agglutinating  or  preciptating  powers  on  (he 
part  of  the  blood-serum  rec^eptors  having  a  haptophore 
and  a  zymophore  group  appear  (rece|)t<)rs  of  the  Hecon<l 
order);  while  in  immunity  from  such  molecular  <*om- 
plexes  as  blood-,  tissue-,  or  bacterial  cells  then*  are 
produced  receptors  of  the  third  ordcT,  whi(^h  act  thr(»ugh 
their  haptophore  groups  as  intermediate  links  betwe<'n  the 
body  to  be  destroyed  and  the  normally  present  ierment- 
like  complement  that  is  to  bring  about  the  destruction. 
For  all  the  foreign  irritants  from  whic^h  animals  have 
been  immunized,  be  it  alien  blood,  tissue-cells,  milk,  or 
bacteria,  there  is  assumed  to  be  cinnilating  normally  in 
the  blood  a  "complement"  specifically  related  to  that 
irritant  on  the  one  hand,  and  to  its  "  receptor  "  on  the 
other.  This  idea  of  plurality  for  the  complement  is 
apparently  the  vulnerable  point  in  the  argument.  At 
all  events,  it  has  been  vigorously  assailed  by  l^)rdet  and 
Buchncr,  especially,  w^ho  consider  the  complemcmt  as  a 
unit,  and  who  do  not  regard  it  as  possessed  necessarily 
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of  specitii;  urtiiiiliL-s  btnoiid  tlmst  uoiminui  to  wliiil  may{ 
be  tiTnieii  protwilytk'  onzynies  in  gi-iicrul ;  ami  Uuuhim 
regards  it  as  uotliing  more  than  tlie  nornially  pn 
"  alexin,"  to  which  he  called  attention  years 
Whether  these  objections  be  well  taken  or  not,  whether 
the  doctrine  as  a  whole  can  be  accepted  or  not,  the  experi- 
mental datii  on  wliieb  it  is  based  warrant  the  opinion 
that  it  is  the  only  satisfactory  working  liypothes 
has  been  offered  in  explanation  of  the  mechanism  ( 
what  Buchner  yiars  ago  designated  the  "reactive  ( 
sue-changea  "  underlying  the  establlslinient  of  acq 
immunity.' 

The  observations  serving  as  the  basis  for  this  doc 
have  given  to  the  blood  and  fluids  of  the  body  a  n 
and  peculiar  interest.     According  to  cireumstanceR,  thea 
may  be  detected  in  the  blood  aitil  ttssue-Juiees  a  ntimlM 
of  Ixidies  ha^ng  totally  different  fnnetioiis  and  affinities 
and  therefore  presumably  different  from  one  anothel 
To  summarize  briefly :  Fin*t,  there  is  normally  present'* 
in  the  blood-semm  of  practi«dly  all  animals  the  de- 
fensive  "alexintj"    already    mentioned.      Second,   the 
antitoxins  that  are  found  in  the  blood  of  animals  art 
ficially  imrainiiEed  from  special  sorts  of  infection  t 
intoxication,  as  well  as  occasionally  in  the  blood  e 
tissues  of  normal  animals,  the  fiuictions  of  which  ! 
susceptible  of  demoniitration  outside  the  body  as  v 
within  the  tissues  of  the  living  animal.     ThinI,  a 
possessed  of  disinteirnitin^,  bacteriolytic  jiowers,  a  h 
teriolysin — I.  r.,  havinp  the  property  of  actually  dissolvinj 
bactctia,  so  that  the  phenomenon  may  be  observed  u 
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tiie  microscopt*.  This  phenomenon  is  especially  to  be  seen 
within  the  peritoneum  of  guinea-pigs  that  have  been  ren- 
dered immune  from  Asiatic  cholera  and  from  the  typhoid 
and  colon  infections  or  intox legations.*  It  is  not  to  be 
confounded  with  the  ordinary  bactericidal  function  of 
the  alexins  that  is  demonstrable  in  most  normal  serums. 
Fourth,  a  body,  the  so-called  "agglutinin"  (Gruber), 
that  was  considered  by  Widal  to  represent  a  **  reaction 
of  infection,"  and  not  of  immunity;  though  at  this  time 
its  presence  is  generally  supposed  to  indicate  an  effort 
on  the  part  of  tlie  body  to  resist  infection.  The  pres- 
ence of  this  Ixxly  in  a  serum  of  an  animal  is  announced 
by  its  peculiar  influence  on  the  activity  and  arrangement 
of  the  particular  species  of  bacteria  from  which  the  indi- 
vidual is  immune,  or  with  which  it  is  infected.  In  the 
case  of  typhoid  fever  in  man,  for  instance,  the  serum 
obtained  during  the  early  and  middle  stages  of  the  dis- 
ease, when  mixed  with  fluid  cultures  or  suspensions  of 
the  typhoid  bacillus,  causes  the  bacilli  to  lose  their 
motility  and  to  congregate  (agglutinate)  in  masses  and 
clumps,  a  condition  never  seen  in  normal  cultures  of  this 
organism,  and  practically  never  observed  when  normal 
senim  is  employed.  There  are  evidences  of  the  pres- 
ence of  "agglutinin  "  in  certain  of  the  antitoxic  serums 
from  artificially  immunized  animals,  viz.,  that  of  ani- 
mals immune  from  cholera,  pyocyaneus,  typhoid,  dysen- 
tery, and  colon  infections.  So  far  as  experience  has 
gone,  this  agglutinating  property  is  manifested  in  the 
great  majority  of  cases  only  upon  the  particular  organ- 
isms from  which  the  animal  supplying  the  serum  is 
protected;  that  is  to  say,  the  relation  is  specific.  In 
view  of  the  fact  that  the  jxiwer  of  a  serum  to  agglutinate 

*  It  is  generally  known  as  Pfeiffer's  phenomenon. 
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IsifUTia  i^  rcfpinloi  liv  many  an  a  coiUKiniitmit  ni"  iiifeij 
(inn,  the  exhibition  of  this  property  l)y  the  IjIoimI  i 
iinmiuie  uriiniuls  may  at  first  light  nppear  paradoxici 
Wo  xhouhl   not  lose  si^lit  of  the  faet,  however,  tbi 

;liitinin  h  presumably  distinct  from  the  other  si 
Ktancp'"  eoneernetl  in  immunity,  an<l  its  preseiieo  in  i 
miine  animals  may,  therefore,  be  reasonably  explaiuei 
!!•!  II  more  or  \ty^  i>epmrtnent  result  of  the  "  reactions  c 
inl'-etion  "  thiU  were  eoineident  with  the  primary  s^m 
llltti)n>  by  ajK-eifie  infective  or  int(i\ie-Uliiig  matters  ne« 
esasiry  to  the  establishment  of  the  eonditioii  of  immtini 
nor  HhoLiUI  we  in  this  eonneetion  liise  sight  of  the  I 
that  its  prestniee  ii*  consbmtly  to  be  denionstrnteil  t 
typical  ciiaea  of  typhoid  fever,  for  instance,  that  ten 
nafe  fatally,  and  that  have  exhibited  little  or  no  cliili 
xigns  of  resistance  at  any  time  during  their  ooura 
KiOh,  tliero  may  be  demoiiBtratwI  in  the  blood  of  a 
nmls  that  have  receivinl  ivpented  siibculniii'oiis  injection! 
of  milk  a  iKHjy — a  "  precipitin  " — that  eaiises  a  prec^ 
tntion  of  milk.  This  precipitation  represents  apparentE 
ft  upecifie  reaction,  for  it  ncenrs  only  when  the  I" 
■enim  is  mixed  with  milk  from  the  species  of  animal 
llmt  wijiplied  the  milk  used  for  the  injections.  Sixth, 
nrt^r  the  repeated  inj<>etion  of  blood  or  of  emnlsions  of 
I laiiilr-eclln  into  the  iKxly  of  an  animal,  tiiere  appiar  in 
thtt  hliixd  of  that  animal  certain  solvents,  or  cnzj-me-like 
U»lli«.  "  hiemoh>iiis,"  "  cytolysins,"  etc.,  thnt  react 
uuvlthiil ly  n|H)n  the  blooil  or  t issiK^-wlIs  injected; 
^Ult'oiitintf,  disintegniting,  and  finally  completely 
V^CwilvtltU  iheni.  Here,  too,  tlie  relations  are  n|KH-ific. 
U  (^  ^U^l.  fl>r  instance,  be  rendcrtsl  tolerant  to  or 
^UUUUMV  Vf\m  biW-blooi],  its  nenim  dissolves  only  the 
TV\l  ^\iVtUM'H«  »>!'  l>ovines;  if  from  dog's  blood,  then 
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only  the  corpuscles  of  the  dog  are  dis.solveil  by  the 
serum  of  the  rabbit.  Similarly,  if  a  rabbit  bo  reiulenxl 
tolerant  to  injections  of  emulsions  of  epithelium  cells, 
then  its  serum  dissolves  epithelium  and  not  other  cells. 
All  these  reactions  may  be  seen  in  a  test-tube  or  under 
the  microscoj^e.  Seventh,  if  a  luemolyzing  serum,  prt*- 
pareil  as  indicated  under  the  sixth  observation,  Ik*  heatml 
for  a  short  time  to  o4°-56°  C,  it  at  once  loses  the 
h«emolytic  function,  but  regains  it  ag-ain  if  a  few  dn>ps 
of  serum  from  a  normal  animal  be  added  to  it.  In  this 
phenomenon  of  haemolysis  Ehrlich's  "  receptors  of  the 
third  order  "  are  assumed  to  be  concerned  ;  the  heating 
kills  the  "complement,"  and  thert^by  chec»ks  the  process; 
but  the  subsecpient  addition  of  the  normal  serum  sup- 
plies fresh  "complement,"  and  at  once  restores  the 
activity  of  the  hajmolyzing  receptors.  Eighth,  if  bl(M)d 
containing  a  hiemolysin  or  a  cytolysin  be  n»pcat(Hlly 
injected  into  an  animal,  anti-bodies — "antilysins" — are 
formed,  and  the  serum  of  the  animal  has  the  |K>wcr  of 
robbing  a  haemolytic  serum  of  its  htemolyzing  function 
if  mixed  with  it  in  a  test-tube.* 

*  It  is  evident,  from  what  has  been  said,  thnt  the  belief  in  a  vital 
germicidal  function  possessed  by  the  fluids  and  tissues  of  the  btMly  is 
widespread  ;  is  based  upon  the  best  of  experimental  evidence  ;  and  has 
served  as  the  starting-point  for  all  the  important  investigations  that 
have  been  instrumental  in  moulding  our  pn'siMit  ideas  of  immunity. 
Notwithstanding  this,  one  occasionally  encountei"s  a  dissmter.  Only 
recently  Baumgarteu,  in  an  addn'ss  brfore  the  (iiTuian  Pathological 
Society  at  Munich  (see  Berliner  klinische  W%)('hens<'hrift,  iHOf),  No.  41), 
made  a  vigorous  attack  upon  the  evidence  that  has  been  jiresented  in 
favor  of  a  vital  germicidal  function  of  the  blood-scrum.  He  believes 
the  destruction  of  bacteria  observed  when  they  are  mixed  with  blood- 
serum  to  be  due  less  to  vital  than  to  physical  causes.  He  reganls  the 
death  of  the  organisms  in  fresh  serum  as  the  result  of  disturbances  of 
assimilation  and  osmosis,  consequent  uj)on  their  sudden  transferenco 
from  the  culture-medium,  on  which  they  have  been  accustomed  to 
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Tlie  foregoing  -.kelch  ufturds  lint  an  impcrfift  iili-a  of 
tlic  vast  amount  of  labor  that  has  bii'ii  ami  continues  to 
l)t  expendwl  mton  this  raaDy-sulcd,  fasfinuting  topic. 
Of  neocwity,  m.iny  important  contribultons  liave  been 
oinitt«d,  but  those  noted  will  serve  to  illu:^trate  the  line!< 
along  which  the  solution  of  the  problem  has  l>ecii 
appr(>ache<i.  As  a  result  of  such  iiivealigatione,  our 
knowledge  upon  infection  and  immunity  may  at  present 
i)f  summarized  as  follows: 

1.  That  infculion  may  be  uousidered  as  a  contest  Ixv 
tween  bacteria  aud  living  tissues,  conducted  on  the  jKirt 
of  the  former  by  means  of  the  poisonous  products  of 
their  growth,  and  resisted  by  the  latter  through  the 
agency  of  proteid  bodies  normally  present  in  and  gen- 
erated by  their  integral  coIIm. 

2.  That  when  infcelion  occurs  it  may  be  explained 
cither  by  the  excess  of  vigor  of  the  bacterial  protlucta 
over  the  antidotal  nr  protective  proteids  produced  by 
the  tissues,  or  to  some  cause  that  has  interfered  v 
normal  activity  and  production  of  these  liodies. 

3.  That  in  the  serum  of  the  normal  circulating  h 
of  many  animals  there  exists  a  substance  that  is  ( 


il«Te1r>i>,  (nail  slion  owdium  of  dlflpraal  physical  nnd  cbunieil  d 
lUTlerMllts, »iid  unt iw ■  result  of  viiiil  «itivities  exblbited  by* 
the  inKfHliMJt«ofthe«er>iru. 

His  opinion  is  l»sed  upon  the  invMtiRutiniiB  orried  on  in  li 
wtorr  by  Ji>tt«r  in  ISBi  Bud  by  WbIk  in  ISDO  (mx  Arboiten  a 
Puth,-AT>«t.  Instltul  xa  Tubiiigsii,  Bd.  I.  mid  ili.). 

Revolutiuiiary  UmnKh  K  nuty  he.  this  dnctrine.  coming  * 
from  w  distingiiUbvd  an  anthortly.  mint  br  given  iliif 
lion.  A«  yrl,  il  ii**  not  ntlToitwl  very  grnenil  Bltcntioi 
it,  in  »11  pnihabillty.  until  tlie  cTidi-ncr  Bilviknc^  by  DniimBaTtdl 
liBs  bwn  iiuh]Mt«d  lo  r»n<M  n»piTimi'iit»l  wnitiny  by  r.ihcr  coiit- 
y.Hent  inveetigstun.  Until  bucIi  is  the  cam,  tho  nutiter  may  bu  b«M 
tslfjadict. 
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able,  outside  of  the  body,  of  rendering  inert  certain 
bacteria  which,  if  introduced  into  the  body  of  the 
animal,  would  prove  infective. 

4.  That  immunity  is  most  frequently  seen  to  follow 
the  introduction  into  the  body  of  the  products  of  growth 
of  bacteria  that  in  some  way  or  other  have  been  modi- 
fied. This  modification  may  be  artificially  produced 
in  the  products  themselves  of  vinilent  organisms,  and 
then  introduced  into  the  tissues  of  the  animal ;  or  the 
virulent  bacteria  may  be  so  treated  that  they  are  no 
longer  of  full  virulence,  and  when  introduced  into 
the  bwly  of  the  animal  will  produce  poisons  of  a 
much  less  vigomus  nature  than  would  othenvise  be  the 
case. 

5.  That  immunity  following  the  introduction  of  bac- 
terial products  into  the  tissues  is  apparently  due  to  the 
formation  in  the  tissues  of  another  body  or  other  IxkHcs 
that  act  as  antidotes  to  the  poisons,  and  thereby  protect 
the  tissues  from  their  hurtful  effects. 

6.  That  this  protecting  proteid  which  is  generated  by 
the  cells  of  the  tissues  need  not  of  necessity  be  antago- 
nistic to  the  life  of  the  invading  organisms  themselves, 
but  in  most  cases  must  be  looked  upon  more  as  an 
antidote  to  their  poisonous  products. 

7.  That  immunity,  as  conceived  by  Ehrlich,  may  Ik? 
either  "  active ''  or  "  passive."  According  to  this  inter- 
pretation, it  is  "active"  when  resulting  from  an  ordi- 
nary non- fatal  attack  of  infectious  disease;  or  from  a 
mild  attack  of  infection  purix)sely  induced  through  the 
use  of  living  vaccines ;  or  from  the  gradual  introduc- 
tion of  toxins  into  the  tissues  until  a  marked  anti- 
toxic state  is  reached.  It  is  "passive"  when  occur- 
ring as  a  result  of  the  direct  transference  of  the  per- 
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fi.'ckil  iminiiiiiziiii;  HiihstaiKie  Trom  an  imtuimr  i<>  a 
Busci'ptiblc  animal,  as  by  the  injwtion  of  bIiK«!-spnim 
from  tho  former  intti  the  latter.  "  Passive  immunity  " 
is,  iu  most  cases,  conferred  at  onoe,  without  the  ilehiy 
ineidental  to  the  usual  modes  of  establishing  "active 
immunity."  As  a  nilc,  "active"  ia  more  lasting  than 
"pasaive"  immunity. 

8.  That  phagocytosis,  though  frequently  observed,  is 
not  essential  to  the  establishment  of  immimity,  but  i;! 
more  probably  a  secondary  process,  the  Itaeti^ria  being 
taken  up  by  the  leiieocytes  only  aft*r  having  l«H;n  modi- 
fied in  virulence  through  the  normal  germicidal  activity 
of  the  .serum  of  the  blood  and  of  other  fluids  in  the 
body.  It  is,  however,  probable  that  the  living  leueo- 
cytes  contribute  to  the  circulating  fluids  certain  stib- 
staneos  that  are  important  to  the  establishment  of  im- 
munity. 

9.  That  of  the  liypothewes  advance*!  in  explanation 
of  acquired  immimity,  the  one  worthy  of  greatest  con- 
fidence is  tliat  which  assumes  immunity  to  be  due  to 
reactive  changes  on  lliepartof  the  tissues  that  result 
in  the  formation  iu  these  tissues  of  antitoxic  and  other 
anti-bodies,  which  circulate  free  in  the  bhK>d,  and  in  a 
variety  of  ways  serve  to  protect  the  tissues  fmm  the 
harmful  cflFwrt  nf  extranefnis  intoxirants  and  irritants, 
in  ,<ome  cases  acting  principally  as  antidotes  to  a  ro.vin, 
in  others  exhibiting  more  the  germicidal  (bact^rinlytio) 
than  the  antitoxic  property. 


CHAPTER  XXVII. 

Bacteriological  study  of  water— Methods  employed— Precautions  to  be 
observed — ApjMiratus  used,  and  methods  of  using  them — Methods 
of  investigating  air  and  soil. 

BACTERIOLOGICAL  STUDY   OF   WATER. 

The  conditions  that  favor  the  epidemic  outbreak  of 
tj'phoid  fever,  Asiatic  cholera,  and  other  maladies  of 
which  these  may  be  taken  as  t\'pes,  have  served  as  a 
subject   for  discussion  by  sanitarians  for  a  long  time. 

Of  the  hypotheses  that  have  been  advanced  in  ex- 
planation of  the  existence  and  dissemination  of  these 
dis(;iis(\s,  two  stand  pre-eminent  and  are  worthy  of  con- 
sidenition.  They  are  the  "ground-water''  theory  of 
von  Pettenkofer  and  his  pupils,  and  the  "drinking- 
water  "  theory  of  the  school  of  bacteriologists  of  which 
Koch  stands  at   the  head. 

The  adherents  to  the  "ground- water"  view  explain 
the  occurrence  of  these  diseases  in  epidemic  form  through 
alterations  in  the  soil  resulting  from  fluctuations  in  the 
level  of  the  soil-water;  and  assign  to  drinking-water 
either  a  verj^  insignificant  r6hj  or,  as  is  most  frequently 
the  case,  ignore  it  entirely.  On  the  other  hand,  those 
who  have  been  instrumental  in  developing  the  drinking- 
water  hypothesis  claim  that  alterations  in  the  soil  play 
little  or  no  part  in  favoring  the  outbreak  of  these  dis- 
eases ;  but  that,  as  a  rule,  they  appear  as  a  result  of 
direct  infection,  through  the  use  of  waters  contaminated 
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with  materials  containing  the  specific  oiganisms  known 
to  i^iise  such  diseases. 

As  a  result  of  numerous  observations  by  the  disciples 
of  both  schools,  the  evidence  is  now  greatly  in  favor  of  the 
opinion  that  polluted  water  is  primarily  the  underlying 
cause  of  these  epidemics,  and  this  too,  very  often,  when 
the  state  of  the  soil-water,  in  the  light  of  the  "  ground- 
water "  hy|K)the,sis,  is  just  the  reverse  of  what  it  should 
be  in  order  to  render  it  answerable  for  them.  It  is 
manifest,  therefore,  that  the  careful  bacteriolc^ical  study 
of  water  intended  for  domestic  use  is  of  the  greatest 
imix)rtance,  and  should  be  a  routine  procedure  in  all 
communities  r<K;eiving  their  water-supply  from  sources 
liable  to  pollution. 

The  objc(»t  aimed  at  in  such  investigations  should  be 
to  (k'terinine  the  number  and  kind  of  bacteria  con- 
stantly pn^scnt  in  the  water — for  all  waters,  except 
tl(M 'p  ground-water,  contain  bacteria  ;  if  sudden  fluctua- 
tions in  the  nnmb(?r  and  kind  of  bacteria  occur  in 
these  waters,  and  if  so,  to  what  thcv  are  due ;  and 
finally,  and  most  important,  Does  the  water  contain 
constantly,  or  at  irrognlar  jx^riixls,  bacteria  that  can  be 
traced  to  human  (excrement,  not  of  necessity  pathogenic 
varieties,  but  bacteria  that  are  known  to  be  present 
normally  in  the  intestinal  canal?  For  if  conditions 
are  continuously  favorable  to  pollution  of  the  water 
by  the  normal  constituents  of  the  intestinal  canal,  the 
sani(?  conditions  would  allow  of  the  occiisional  pollution 
of  sufh  \vat<T  bv  infective  matters  from  the  bowels  of 
persons  suffering  from  specific  disease  of  the  intestines. 

Fn  considering  watiT  from  a  bacteriologic^il  stand- 
point it  must  always  be  borne  in  mind  that  com- 
parisous  with  iixox]  shuidanls  are  not  of  much  value. 
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for  just  as  normal  waters  from  different  sources  are 
seen  to  present  variations  in  their  chemical  connx)sltion, 
without  being  unfit  for  use,  so  may  the  relative  number 
and  variety  of  species  of  bacteria  in  water  from  one 
source  be  always  greater  or  smaller  than  in  that  from 
another,  and  yet  no  difference  may  be  seen  to  result 
from  their  employment.  For  this  reason  systematic 
study  of  any  water,  from  this  point  of  view,  should 
begin  with  the  establishment  of  what  may  be  called  its 
normal  mean  number  of  bacteria,  as  well  as  the  charac- 
ter of  the  prevailing  species ;  and  in  order  to  do  this 
the  investigations  must  cover  a  long  period  of  time 
through  all  the  seasonal  variations  of  weather.  From 
data  obtained  in  this  way  it  may  be  possible  without 
analysis  to  predict  approximately  at  any  season  the 
bacteriological  condition  of  the  water  studied.  Marked 
deviations  from  these  "  means,"  either  in  the  quantity 
or  quality  of  the  organisms  present,  can  then  be  con- 
sidered as  indicative  of  the  existence  of  some  unusual, 
disturbing  element,  the  nature  of  which  should  be 
investigated.  It  is  impossible  to  formulate  an  opinion 
of  much  value  from  either  a  single  chemical  or  bac- 
teriological analysis  of  a  water,  or  from  both  together 
in  many  cases ;  for  the  results  thus  obtained  indicate 
only  the  condition  of  the  water  at  the  time  the  sample 
was  procured,  and  give  no  indication  as  to  whether  it 
differed  at  that  time  from  its  usual  condition,  or  from 
the  normal  condition  of  the  waters  of  the  immediate 
neighborhoo<l. 

The  interpretation  of  the  results  of  both  chemical 
and  bacteriological  analyses  of  a  sample  of  water  ac- 
quires its  full  value  only  through  comparison,  either 
with   "melius"    that    have   been    determined   for   this 
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viaU-r,  or  with  llie  rcHiiIts  of  fiinmltaiieous  uimlyscs  of 
a  mimtipr  of  ijumplce  from  oUier  sources  of  supply  of 
the  locality. 

The  aid  of  tlie  bacteriologist  is  frequently  songbt  i] 
t^iinueetion  with  invtustigittiuhu  of  waters  that  arc  sup- 
pose<l  to  be  coiiccrnetl  in  tliu  prutluctiuu  uf  disease,  par- 
ticularly ty|)hoid  fcvLT,  I'itlicr  in  is«>liited  cases  or  in 
widespread  epidoiui(!  outbreaks,  and  in  these  cases  both 
the  bacteriologist  and  the  person  employing  liis  scrvicts 
are  cautioned  agninst  beiug  too  sungnine  of  pundtive 
results,  for  iu  tlie  vast  majority  of  iimtanccs  reliable 
bacteriologists  fail  to  detect  in  these  waters  the  bacillus 
tliat  is  the  cause  of  typhoid  fever. 

Failure  to  find  the  organism  of  typhoid  fever  iii 
water  by  the  usual  methods  of  analysis  does  not  by 
any  nicaus  prove  tliat  it  is  not  present  or  has  not 
been  present.  The  means  ordinarily  employed  in  the 
work  admit  of  such  a  very  small  volume  of  water  being 
uscil  in  the  te^t  that  we  can  readily  understand  bow 
typhoid  bacilli  nii}iht  be  present  iu  moderate  uumliers 
and  yet  none  !h'  intliidwl  in  the  drop  or  two  oC  the 
water  taken  for  study.  The  conditions  are  n()l  those 
of  a  nolntimi,  each  drop  of  which  contains  exactly  as 
much  of  the  dissolved  material  as  do  all  other  droj>s  of 
eipial  volume  ;  but  ai'e  ratlier  those  of  a  miftfieimmi,  in 
everj-  drop  or  volume  of  which  the  mimlM^r  of  sua- 
pmded  particles  is  liable  to  the  greatest  (Kurt*  of 
variation.  Furtherniori',  there  are  other  reiisous  that 
would,  a  pnnii,  preclude  our  expecting  to  find  the 
typhoid  liacilli  in  water  in  which  wc  may  have  reason 
to  believe  they  had  been  deposited,  viz.,  attention  is 
not  usually  directed  to  the  wat«'r  until  the  disease 
has  become  conspicuous,  usually  in  from  two  to  four 
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weeks  after  the  pollution  probably  occurred.  These 
intervals  of  time  are  ordinarily  sufficient  for  the  deli- 
cate, non-resistant  bacillus  of  typhoid  fever  to  succumb 
to  the  unfavorable  conditions  under  which  it  finds  itself 
in  water.  By  unfavorable  conditions  are  meant  the 
absence  of  suitable  nutrition ;  unfavorable  temperature ; 
probably  the  antagonistic  influence  of  more  hardy 
saprophytic  bacteria,  particularly  the  so-called  "  water- 
bacteria,"  and  of  more  highly  organized  water-plants ; 
the  effect  of  precipitation  and  of  sedimentation ;  and, 
of  great  importance,  the  disinfecting  action  of  direct 
sunlight. 

Though  the  positive  demonstration  of  typhoid  bacilli 
in  drinking-water  by  bacteriological  methods  is  of  ex- 
treme rarity,  it  must  not  be  concluded  that  bacteriological 
analyses  of  suspicious  waters  shed  no  light  upon  the  exist- 
ence of  pollution  and  the  suitability  or  non-suitability 
of  the  water  for  drinking-purposes. 

In  the  normal  intestinal  tract  of  all  human  beings 
and  of  many  other  mammals,  as  well  as  associated  with 
the  specific  disease-producing  bacterium  in  the  intes- 
tines of  typhoid-fever  patients,  is  an  organism  that  is 
frequently  found  in  polluted  drinking-waters,  and 
whose  presence  is  proof  positive  of  pollution  by  either 
normal  or  diseased  intestinal  contents;  and  though 
efforts  may  result  in  failure  to  detect  the  specific  bacil- 
his  of  typhoid  fever,  the  finding  of  the  other  organism, 
bacterium  coli  commune,  justifies  one  in  expressing  the 
opinion  that  the  water  under  consideration  has  been 
polhited  by  intestinal  evacuations  from  either  human 
beings  or  animals.  Waters  so  exposed  as  to  be  liable  to 
such  ]X)llution  should  never  be  considered  as  other  than 
a  continuous  source  of  danger  to  those  using  them. 
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An"ili«r  j»i'int  t«»  Ik-  n-mt-iiilK-Pt'*!  i<  in  o^nneeiion  with 
«*hl«»rin»-  :i-  an  in«li«-;t:i»r  of  ointaniiiiaiinn  l>v  huniun 
i-xi-p.m*  nt.  It  i-  «-«»inni«»iiK'  taught  tliat  an  exoc-s&ive 
a  I!  i«  •lint  «»f  ilil'»rini-  in  wat#T  iN»ints  to  iY>nta  mi  nation  Ijv 
l.uTmin  *'Xt.T»t;i.  Tlii<  mav  nr  nuiv  not  l>o  true,  aoeonl- 
\uz  t"  'ir  r.ni-:ani*»  >.  A  hijrb  piM|iiirtiun  of  thi<  element 
in  :i  «<\nij»I»-  "f  wat»'r  l'n"«ni  a  lin-ality.  tht-  s^urroundint; 
waTfiN  ••!*  wlii-h  an-  |>--»r  in  rhluriiie.  is  iinc|iie>tioiiabIv 
a  -■>]>:•:' •!>  i:iii:i-i:i"ii :  l»ut  in  a  •li>trirt  eli»x"  to  the  sea 
•  r  !.■  :.r  -:■/.:-*!■  i*"-::-,  i''«r  in^tam-e,  wht-re  the  proportion 
.■!*  :.-    ■  l.!"r:«l»'-'    in    thi*  water   is   gi-nerally 

i.i^i..  :.  v..'\-  ■  :"  ::.•■  i::liiati»>ns  thus  atTonltil  is  ver\' 
n.  :■  i.  .::::-:.  i  :.:;!•  --  ::.-  arn-Hint  found  in  the  sample 
\\\\-\'  V  \:.  :.::i;i::  •:.  j,v-  atlv  .  X'^r-U  the  normal  "mean," 
pr  vi-  >!y  •]•  t- r:..:!i"'l.  i'-«r  iln-  amount  of  chlorine  in 
thr  \\;i:'V-  ■  :'  til'-  n*  iirlilM.rlj.HN]. 

A  -::':1^:'5^'  •  x:t::ij»!»-  «ii'  th».-  lart»T  e^ndition  ixx^urred 

in    tli«     .  \i'.  ::•  :i  •     •■:*  !!»•     wrir*  r    Axhile    inspecting   a 

jjnvip  "t    ^\:■.T■  r— ii|»p!:.  -  '-n  tin-   »a^t  ri»a>t  of  Florida. 

In  I  aril  install'-'  th-    \\m*v  \\\\<  -il»tain«d  fn>m  pn^perly 

pnUtvtril    art. -i:in    w.  1!-.    ninjim:    rn»ni    *2<X»    to   400 

fivt   drip,  and    l-":it'd    within    a    t'lW    hun<]RHl  yards 

of  th«*   >ta.       rii'-   liv-T    -:i  111  J  ill-    -iil«j.i-tiil   to  ohemii^al 

in:dv^i>  n-vralt'l   -Ui-h   an    unii-Mally   lii^rli   pmportion 

>f  ohlorino    tliat,    Iia-l    tlii-    -ami-!-     :tl*»n«'    lieen   ctm- 

<il*t\^l»  ^'^**  i»i»ini«'n   tliat    It    wa-    jN.Hut.il   liy   human 

Iji  i^iijvht   li:ivt'  1'nn  :i«lv;i!i.'.  il.     T"  |»nvent  such 

^m^r  SiUupl*'^  »»t'  \\:it«  r  iV. 'in  a   mmtk!-  r  nf  wells  in 

'k-%    >,M »WH>rluHHl   wtTi-    «  XMiuiii^  il,  \\\h\   tli.v   wi'in*  all 

lt\  vntain  fi"**''^  ^' '^  ^"  i\\«l\«    lim.-  th--  amount 

•  ^M\fiiK  that  onlin:inl\  ap|M;jr-  in  inland  wai*  rs,  the 

.   .    ,  ^vidoutlv 'Inr  !•»  KakaLTi    iliri»iiL:Ii   tln" -ioil 

^^    '  \\U  of  water   tnMu   ihr  -^a.      in  -hori.  the 
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presence  of  an  excess  of  chlorine  in  water,  while  often 
indicating  pvillution  from  human  evacuations,  may 
nevertheless,  sometimes  arise  from  other  sources;  but 
the  presence  in  water  of  bacteria  normally  found  in  the 
intestinal  canal  can  manifestly  admit  of  but  one  inter- 
pretation, viz.,  that  ftecal  matters  from  either  man  or 
animals  have  at  sonic  time  been  deposited  in  this  water, 
and  that  while  no  specific  disease-producing  organisms 
may  have  been  detected,  still  waters  in  which  such  pol- 
lutions are  possible  are  a  constant  menace  to  the  health 
of  those  who  use  them  for  domestic  purposes. 

A  sudden  variation  from  the  normal,  mean  number 
of  bacteria,  or  from  the  normal  chemical  composi- 
tion of  a  water,  calls  at  once  for  a  thorough  in- 
spection of  the  supply,  while  at  the  same  time  the 
orgjinisms  present  are  to  be  subjected  to  the  most  care- 
ful stud  v.  In  manv  instances,  even  after  the  most 
thorou<!jh  bacteriological  and  chemical  study  of  a  sus- 
picious water,  one  is  forced  to  admit  that  information 
of  but  limited  usefulness  has  been  obtained  through  the 
employment  of  such  analytical  methods.  In  these 
cases  too  much  stress  cannot  be  laid  upon  the  im- 
portance of  a  systematic  inspection  of  the  supply,  and 
its  relation  to  sources  of  pollution.*  Optical  evidence 
of  more  or  less  dangerous  contamination  may  often  be 
obtained  when  laboratory  methods  fail  to  detect  them. 
The  reasons  for  such  failure,  in  addition  to  those  already 
given,  are  obvious — the  polluting  matters  an^  often  so 
diluted  by  the  large  mass  of  water  into  which  they  find 
their  way  as  to  be  beyond  recognition  by  the  tests 
usually  employed  in  such  work,  and  still  be  present  in 
amounts  sufficient  to  originate  disease. 

The   (iuAMTATivK    Bacterioi/kjical   Analysis 
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i)F  Wateh. — Till'   qualitative   bactcridlogical   analyai 
of  wat^T  cnttkils  miioli   labor,  aa  it  requires  not  onlg 
that  all  tlio  difft'rcnt  spucies  of  orgauisnis  found  i 
water  ehoiild  bo  iaulated,  but  tliat  mcb  rcpreseutattvi 
should  be  euhjocted  to  eystenrntic  study,  and  its  patlioi 
genie  or  non -pathogenic  properties  detomihied. 

For  this  pur|)oec  a  knowledge  of  the  methods  for  tlu 
isolation  of  individual  species  which  have  already  b 
descrilje<l,  aud  of  the  means  of  studying  tJiese  specM 
when  isolat<Hl,  is  indispensable. 

For  this  analysis  certain    precautions   essential 
accuracy  arc  always  to  be  observed. 

The  sample  is  to  be  coUcctt-d  under  the  most  rigi 
prtHsiutions  that  will  nxcludo  organisms  from  source 
otiicr  tlian  that  under  consideration.  If  druwn  from  ^ 
spigot,  it  should  never  be  collected  until  the  water  lia 
l>een  flowing  for  fineen  to  twenty  minutes  in  a  fu| 
stri'am.  If  obtained  from  a  stream  nr  a  spring, 
should  be  collected,  not  from  the  surface,  but  ruth^f 
from  about  one  foot  beneath  the  surfiice. 

It  should  always  be  collected  in  vessels  which  hsirj 
previously  been    tlioroughly  I'recil   from   all   dirt  i 
organic  partu-les,  and  then  sterilized ;  and   the  platip 
should  be  made  as  quickly  as  jiossible  after  collectinj 
the  sample. 

When  circumstances  permit,  all  wat*>r  imalyses  dioi 
be  made  on  the  spot  where  the  sample  is  taken,  as  I 
is  known  that  during  tmns|K)rlation,  unless  the  mmfi 
are  kept  packeil  in  ice,  a  multiplimlion  of  the  otg 
isms  contained  in  it  always  occurs. 

Fnr  the  pur|H>se  of  qualitative  analysis  it  is  necesfaij 
that  a  small  ]jorti<tn  of  the  water — one,  tw(i,  three,  fiv< 
drops — should  first  be  employed  for  making  the  plate 
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In  this  way  one  can  form  an  idea  as  to  the  approximate 
number  of  organisms  in  the  water,  and  can,  in  conse- 
quence, determine  the  amount  of  water  best  suite<l  for 
the  plates.  Duplicate  plates  are  always  to  be  made — 
one  set  uj)on  ag-ar-agar,  wliich  are  to  be  kept  in  the 
incubator  at  l>ody-temperature,  and  one  set  upon  gelatin, 
to  be  kept  at  from  18°  to  20°  C. 

As  so<jn  as  colonies  have  developed  the  plates  are  to 
be  carefully  compared  and  studied.  It  is  to  be  noted 
if  any  difference  in  the  appearance  of  the  organisms  on 
corresix)uding  plates  exists,  and  if  so,  to  what  it  is  due. 
It  is  to  be  particularly  noted  which  plates  contain  the 
greater  number  of  colonies,  those  kept  at  the  higher  or 
those  at  the  lower  temperature.  In  this  way  the  tem- 
perature best  suited  for  the  growth  of  the  majority  of 
these  organisms  may  be  determined.  As  a  rule,  the 
greater  number  of  colonies  appear  upon  the  gelatin 
plates  kept  at  18°  to  20°  C. ;  and  from  this  it  would 
seem  that  many  of  the  normal  water-bacteria  do  not 
find  the  higher  tenijwrature  so  favorable  to  their  de- 
velopment as  do  the  organisms  not  natunilly  present  in 
water,  particularly  the  pathogenic  varieties.  From  these 
plates  the  different  species  are  to  be  isolated  in  pure 
culture,  the  morphological  and  cultural  characteristics 
determined,  and  finally,  by  tests  upon  animals,  it  is  to 
be  decided  if  any  of  them  possess  disease-producing 
pro|x^rties. 

Note. — What  use  should  be  made  of  this  observa- 
tion in  examining  water  for  the  pn'sence  of  pathogenic 
bacteria  ? 

The  waters  most  frequently  studied  from  the  quali- 
tative  bacteriological    standpoint   are   those   suspected 
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of  TOiitainiiif;  specific  patIiogL>iiic  bacteria — i.  p.,  waten 
polluted  with   sewage   and  with    linniaii   exrreta   that 
are  believed  to  he  the  source  of  infection  of  typhoid 
fever,  or,  less  frequently,  of  ABiatJc  cholera.     In  the 
investigations  of  euch  waters  there  are  eeveral  points  of 
which   we   should    never   lose  sight,  viK.,   iiiiicss   the  j 
water  is  under  continuous  study  tliere  is  only  a  chanoe  I 
of  detectmgt!ie«iit'eifiei)alhogenicsi>ecies,  for,  as  a  rul^  I 
the  dangerous   poUution  occurs  eitlier   hut  once  or  ie 
intermittent,  so  that  even  iu  the  case  of  exposed  streams  i 
there  are  periods  when  no  specifically  dangerous  mn~ 
taminatioD  may  be  in  operation.    As  stilted  above,  atten- 
tion is  commonly  called  to  the  water  when  the  dis 

Mumably  caused  by  its  use,  is  fully  developed,  am 
this  is  often  days  or  weeks  after  the  infection  of  tin 
stream  really  oiM!urred.     By  an  analysis  made  at  tbift<1 
time  one  could  scarcely  hope  to  detect  the  specific  orgas^  } 
isms  that  had  caused  the  disease.     Tlie  organisms  sought  i 
for  may  have  liccn  pi-cseiit  in  the  water  and  may  have 
infected  the  users,  and  yet  have  disappeared  by  the  time 
the  sample  taken  for  analysis  was  colkvtcJ. 

When  present  in  polluted  waters  pathogenic  bacteria 
are  always  vastly  in  the  niinority.     Were  they  oon>^!l 
stantly  present  in  large  numbers  infection  among  i 
users  of  such  waters  would  be  more  freqncnt  and  o 
widespread  than  is  commonly  the  i«8e.     They  may  t 
present  in  a  water-supply  in  small  numWrs;  they  ti 
even  be  in  the  sample  supplied  for  analysis,  and  yet  e 
cape  detection  if  only  the  ordinarj'  direct  plate  metlK 
of  isolation  l>p  used. 

From  these  considerations  it  is  obvious  that  beforal 
attempts  are  made  to  isolate  the  various  sjiecics  directly  1 
from  a  suspicious  sample  of  water  it  is  advisable 
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siihjec^t  it  t()  some  mctliod  of  treatment  that  will  aid  in 
separating  the  few  sixjcific  pathogenic  from  the  numer- 
ous common  saprophytic  species.  For  this  purpose 
numerous  methods  have  been  devised.  The  most  use- 
ful of  these  aim  to  favor  the  rapid  multiplication  of 
pathogenic  forms  that  may  be  present  and  to  suppress 
or  check  the  growth  of  die  ordinary  water  saprophytes. 

Attention  has  been  called  to  the  fact  that  when  ex- 
posed to  the  body-temperature  many  of  the  ordinary 
water-bac^teria  develop  only  slowly  or  not  at  all,  while 
under  similar  circumstances  the  disease-producing  s|)e- 
cies  develop  most  luxuriantly.  Advantage  has  been 
taken  of  this  observation  in  devising  methods  for  this 
particular  work,  of  which  some  of  the  following  will 
prove  serviceable : 

Collect  in  a  sterilized  flask  a  sample  of  about  100  c.c. 
of  th(j  water  to  be  tc^sted,  and  add  to  this  about  25  c.c. 
of  st(?rilized  bouillon  of  four  times  the  usual  strenz/th. 
This  is  then  placed  in  the  incubator  at  37°  to  38°  C, 
for  thirty-six  to  forty-eight  hours,  after  which  plates  are 
to  be  made  from  it  in  the  usual  wav ;  the  results  will 
often  be  a  pure  culture  of  some  single  organism,  either 
one  of  the  intestinal  variety  or  a  closely  allied  species. 
By  a  method  analogous  to  the  latter  the  spirillum  of 
Asiatic  cholera  has  been  isolated  from  water  (see  pages 
454,  4G7) ;  and  by  taking  advantage  of  the  effect  of  ele- 
vated temperature  upon  the  bacteria  of  water  Vaughan 
has  succeeded  in  isolating  from  suspicious  waters  a 
group  of  organisms  very  closely  allied  to  the  bacillus 
of  typhoid  fever. 

Theobald  Smith  has  suggested  a  method  by  which  it 
is  easily  possible  to  isolate,  from  waters  in  which  they 
are  present,  certain  organisms  that  are  of  the  utmost 
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imjMirtanre  in  iiilliiendnp;  our  judgment  iii>im  the  fttnesaj 
of  the  water  I'ur  clotuestic  use.  By  tlie  addition  of  small  ' 
quantities — one,  two,  or  three  drops — of  the  suspicions  < 
wat^r  to  fermentation-tubes  (see  artiek'  an  Ferment*-  , 
tion-tube)  ciontaining  Iwuillon  to  whicli  2  ppr  cent,  of 
{fiiieose  has  been  ud<le<:l,  and  keeping  tbem  at  the  t<'mpcm- 
ture  of  the  IknIv  (37°  to  38°  C),  the  growth  of  intestinal  . 
I>aetcria  that  may  be  present  in  the  water  is  favored,  J 
whilethat  of  the  watt^-organismsis  not;  in  const-quencet  t 
after  from  tliirty-six  to  forty-eight  hours  the  fer-  j 
mentation-characteristiea  of  most  of  these  organisms  i 
evidenced  by  the  accumnlation  of  gas  in  tiie  closed  end  1 
of  the  tube.  From  theae  tubes  the  growing  bacteria  I 
(»in  then  l)e  easily  isolated  by  the  plat«  method,  aii4  f 
intestinal  bacteriu  will  not  infrequently  l>e  found  I 
present. 

For  the  isolation  of  the  typhoid  baoillus,  especially  from  ' 
water,  a  host  of  other  methods  have  Iteen  devised.  Some  i 
of  these  aim,  through  the  addition  of  special  chemical  ' 
reagents  to  the  media,  to  retard  the  development  of 
ordinary  eaprophytvs  without  intiTnipfing  the  growth  J 
of  the  colon  and  the  typhoid  bacillus.  Most  of  thesa  j 
methods  have  proved  disappointing.  One  of  fhem,  that  ■' 
of  Parielti,  still  fimis  favor  in  the  hands  of  some.  It  J 
consists  in  atlding  to  the  cnlfurc-mcdia  to  be  need  I 
the  test  varying  amounts  of  the  following  mixture ! 

Phenol    . ,    . 

Hj'drorlilorir  HfW . 

DisUUcd  wfttvr 


Of  this  solution  0.1,  0,2,  and  0..H  e.e,  are  added  te-M 
ppeetively  to  each  of  three  tubes  eiinlaining  10  e.c,  of  | 
nutritive  bouillon.     Several  such  setsof  tubes  arc  to  bt\ 
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made.  To  each  are  then  added  from  1  to  3  c.c,  of  the 
water,  and  they  are  placed  in  the  incubator  at  hody-tt^ni- 
perature.  It  is  said  that  whatever  development  occurs 
consists  only  of  the  typhoid  or  colon  bacillus,  or  both,  if 
they  were  present  in  the  original  sample.  They  may 
then  be  isolated  and  separated  by  the  usual  plate  method, 
or,  better  still,  through  the  application  of  the  methods 
of  Eisner,  Stoddart,  or  Hiss,  detailed  in  tlie  chai)t(T 
on  baciUwH  typhosim.  Personally  we  have  not  had 
much  success  with  the  Parietti  metho<l.  The  tyi)hoid 
bacillus  has  been  isolated  from  water  by  passing  very 
large  quantities  of  water  through  an  ordinary  Pasteur 
or  Birkfield  filter,  brushing  off  the  matters  collected 
on  the  filter  into  a  sterilized  vessel  and  examining  this 
by  plate  methods. 

It  has  occurred  to  us  that  |KJSsibly  the  employment 
of  chemical  coagulants,  such  as  alum  and  iron,  might 
prove  serviceable  for  this  purpose.  Their  action  would 
be  to  mechanically  drag  down,  in  precipitating  as  hy- 
droxides, the  suspended  bacteria  contained  in  the  fluid. 
This  precipitate  could  then  be  examined  bacteriologi- 
cally,  instead  of  the  water. 

The  difficulties  in  this  field  of  work  are  obviously 
due  to  the  suspension  of  a  very  small  number  of  the 
disease-producing  organisms  sought  for  in  large  volumes 
of  fluid,  and  the  association  with  them  of  large  numbers 
of  other  species  that  offer  a  very  great  obstacle  to  the 
successful  search  for  the  pathogenic  varic^ties. 

If  by  either  of  the  above  procedures  bacilli  that  bear 
any  resemblance  to  bacillus  fifphom(s  hv  isolated,  re- 
course must  then  be  had  to  all  the  differential  tests 
detailed  in  the  chapter  on  that  organism. 

The  Quantitative  Estimation  of  Bactferia  in 


Water. — Qnantitativr  analysis  n'tjuiros  more  care  in 
tiic  nu-a-iin-uH-nt  of  the  exact  volume  of  water  em- 
jiloyeil,  for  the  r«-snlts  an*  to  l)0  expresseil  in  terms  of  the 
iiiimb«T  of  inth'viihial  (•r;Lr:unsms  to  a  definite  volume, 
rhf  necessity  fnr  making  the  plates  at  the  place  at 
which  tlie  siiinph-  is  c<»lli-cti'<l  is  t<>  Im*  |Kirticularlv 
ae<M-ntuateJ  in  this  analysis,  for  nuiItiplic:ition  of  tlie 
oFjL'ani-nis  «lurinir  transit  is  so  jrrciit  that  the  resnlts 
i»f  aiialv-.»-s  ina«l«'  aftrr  the  water  has  i)een  in  a  vessel 
fnr  a  «lav  or  tw«i  an-  «»ftrn  verv  tlitfen*nt  from  those  that 

•  ■ 

woiiM  havr  Immii  i»l)laiiHMl  nn  the  s{K)t. 


X«»TK. — Tnoeulat*-  a  tulM- iT»ntaining  al>out  ten  cuhie 
ceiitinietn-  "f  >trril !/«•«!  «!i-.iill(<l  or  tap  water  with  a 
verv  -mall  nnaiitlrv  of  a  s«»]i<l  eiilture  of  someone  of 
the  oriraiiisni-  ^^il]l  wjiidi  voii  jiave  been  workinsr, 
takin»r  ear*-  that  none  nf  tlie  eultnre-me<linm  is  intro- 
(1u<'im1  into  th«'  \vater-tnl>e  an<l  that  the  bacteria  are 
evenly  di.-trilnit*<l  tliroii^Ii  it.  Make  plates  at  once, 
and  on  eaeh  siKcccdinL^  <lay,  from  tJiis  tnbe,  and  deter- 
niin<-'  ^>y  <^'t*"**^^  whctin'r  tln-n*  is  an  increasi*  or  diminu- 
tion in  the  niinihrr  of  oritnnisnis — /.  r.,  if  they  are 
jmnving  or  dyini:.  J^■|^r(•M•nt  the  results  graphically, 
and  it  will  !»•  noticed  tJiat  in  many  cases  then*  is 
during  the  tii>t  tlm'r  or  I'onr  days  a  nndtipHwition, 
after  which  there  is  a  ra])id  diniinntion  ;  and,  if  the 
orcanism  tloe^  n(»t   I'^rm  >|»on's,  usually  death  in  fmm 

n  to  twelve  days.      ri»i>  i>  not  true  i'or  all  organism.s, 
^t  does  liold  lor  many. 

WWw  it  is  "^**  convmirnt,  however,  to  make  the 

"».  -'-  -^n  the  J^P^*t,  the  >ani|)]c  oi'   water   >lioid<l  be 

*^'"iiA  tacked  iu  ice  antl  k<'|)t  on  i<'e  until  the  plates 
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can  be  made  from  it,  which  should  in  all  cases  be  as 
soon  after  its  collection  as  possible. 

For  the  collection  of  water  for  this  purpose  a  con- 
venient vessel  is  a  glass  bulb  (Fig.  102)  or  balloon, 
which  is  easily  blown  from  glass  tubing. 

Fig.  102. 


Glass  bulb  for  collecting  samples  of  water. 

It  consists  simply  of  a  round  glass  sphere  blown  on 

< 

the  end  of  a  glass  tube,  which  latter  is  subsequently 
drawn  out  into  a  capillary  stem  and  sealed  while  hot. 
As  it  cools,  the  contraction  of  the  air  within  the  bulb 
results  in  the  establishment  of  a  negative  pressure. 

If  the  point  of  the  stem  be  broken  off  under 
water,  the  water  flows  into  the  bulb,  because  of  the 
existence  of  the  negative  pressure  within.  The  nega- 
tive pressure  obtained  in  this  way  is  frequently  in- 
sufficient for  filling  the  bulb,  and  often  only  a  few 
drops  of  fluid  can  be  obtained.  To  obviate  this, 
bulbs  may  be  blown  and  allowed  to  cool,  but  not 
sealed.  After  a  sufficient  number  of  them  are  pre- 
pared they  are  taken,  one  at  a  time,  and  gently 
w^armed  over  a  flame ;  while  still  warm  the  extremity 
of  the  stem  is  dipped  into  distilled  water  and  held 
there  until  a  few  drops  have  passed  up  into  the  bulb ; 
this  is  then  carefully  boiled,  or,  rather,  completely  vapor- 
ized,  over  the  flame,  and  while  steam  is  still  escaping 
the  point  is  sealed  in  the  gas-flame.  All  air  will 
thus  have  been  replaced  by  water-vapor,  and  if  the 
point  of  the  stem  be  now  broken  off  under  water 
38 
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tliv  i>iilli  will  lill  qiiirkly.  It  iV  not  desirable 
fill  tlii-ni  eovtjdetdif,  but  mther  t«  only  about  tliree- 
timrtliw  of  their  «i|>arity,  an  when  Jul!  it  is  rlifGnuU 
t4i  t'ri>|)ty  them  without  contaniiimting  the  coutt'iits. 
'I'lifV  ixrtf  tmijitied  by  yeiiUy  warming  over  a  gas  or 
iilrtiliol  flnmc. 

A  iiuniher  of  biili»i  inay  be  mado,  sealud,  Hud  kept 
oil  hiind.  They  arc  skTile  so  long  iw  they  are  sealed, 
liii'iiiisc  of  tlu!  heat  employed  in  their  mauufaeture. 

When  a  sample  of  wat^r  is  to  be  taken,  the  point 
ol'  iL  bull)  is  mmply  broken  off  with  fiterilizetl  tbrceps 
niid'T  water  and  held  there  until  the  necessarj'  amount 
liiiH  Ix'en  obtaine<l.  This  may  ^ervc  as  a  ^mple  fmni 
whieh  to  prepare  plates  or  Esniareh  tubes  on  the  spot ; 
or  the  tip  of  the  stem  may  be  resealed  in  the  flame 
of  an  nieohol  lamp,  the  bulb  packed  in  ice,  and  trans- 
porli'il  ill  this  condition  to  the  laboratory. 

AiioHiiT  very  simple  and  useful  device  for  collecting 

wati-r  Haniples  is  that  recommended  by  Kirwchner.     This 

fiiiUNiittH  of  a  piece  of  glass  tubing  of  about  5  or  G  mm. 

llulile  diameter,  anil  36  cm.  long,  bent  in  the  form  of 

II  1',  wilh  cither  extremity  of  the  armr-  bent  again  at 

rlifht  uiigli'S  in  the  same  plane  and  drawn  out  to  a  ]K)int 

ttildni'aletl.    8uch  tubes  are  sterilized  lu  the  flame  as  they 

My  "">"'•'■     The  sample  is  collected  by  breaking  off 

^4h  tMihit")  immersing  one  of  them  in  Mater  and  suck- 

.11  III!'  other  until  the  tube  ia  til|p<I.     Then  both 

M>'  iiKniu  tx-'aled  in  the  flame  and  the  tube  packed 

I'lie  objfTtion  to  thiH  tube  is  the  dangLT  of  con- 

ii.  , Ient«  with  saliva  during  the  act  of 

.  I  ,'11.  Ihough  this  daiifjer  is  iint  so  great 

,     .         1  uppear,  lis  we  shall  learn  in  our  eflbrts 

fc^ .^-i^t  V  hiw  IWhu  the  mouth-cavity. 
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Note. — Make   cover-slips   from   your  own    nioutli ; 
make  plates  on  both  gelatin  and  agar-agar,  At  the  ivtme 
time.    Comjuire  the  number  of  bacteria 
found  by  niicroswopic  examination  of 
the  cover-slips  with   the  number  of 
colonies  that  develop  on  the  plates. 


For  the  collection  of  samples  from 
the  deeper  portions  of  streams,  lakes, 
etc.,  a  number  of  convenient  devices 
have  been  made.  A  very  satisfactory 
apparatus  has  been  made  for  me  by 
Messrs.  Charles  LentzA  Sons,  of  Phila- 
delphia. It  consists  of  a  metal  frame- 
work, in  which  is  encased  a  bottle 
provide*!  with  a  gronnd-^lass  stopper. 
To  the  stopjK-r  a  spring  clamp  is  at- 
tached, and  this  in  turn  is  operated  by 
a  string,  so  that  when  the  weighted 
apparatus  is  allowed  to  sink  into  the 
stream  the  stopper  may  be  removed 
from  the  bottle  at  any  deptli  by  simply 
pulling  upon  the  string,  ^yhen  the 
bottle  is  filled  with  water  the  stopper 
is  allowed  to  spring  back  into  position 
by  releasing  the  strinp.  The  whole 
apparatus  (depicted  in  Fig.  103)  is  pro- 
vi<le(l  with  a  weight  tliat  insures  its 
sinking,  and  a  heavy  cord  by  which  it  may  be  lowered 
and  raised.  It  should  be  sterilized  lioforc  using.  After 
collecting  the  sample  the  bottle  should  be  wiped  dry 
with  a  stcrili/ed  towel.  Before  removing  the  stopper 
the  mouth  of  the  bottle  should  be  rinsed  with  alcohol 
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imd  heated  with  a  gas-flame,  to  prevent  coDtaiuiai 

of  its  contents  by  matters  that  may  have  been   upon 

its  gurfuee. 

lu  bt^nniDg  the  quantitative  analysis  of  water  with 
which  one  is  not  acquainted  certain  pretiniinan'  steps 
are  essential. 

It  is  necessary  to  know  approximately  the  number  of 
organisms  contained  in  any  fixed  volume,  so  as  to  deter- 
mine the  quantity  of  water  to  be  employed  for  the  platvs 
or  tubes.  This  is  nsnally  done  by  making  preliniiuary 
plates  from  one  drop,  two  drops,  0.25  c.o.,  0.3  c.c,  and 
1  ex.  of  the  water,  lifter  each  plate  has  been  labelled 
with  the  amount  of  water  used  in  making  it,  it  is  placed 
aside  for  development.  When  tliis  lias  occurred  one 
S4>lects  the  plute  uiion  which  the  colonies  are  only  mod- 
erate in  number — about  200  to  300  colonies  presenting 
— and  employs  in  the  subsequent  analysis  the  same 
amount  of  water  that  was  used  in  making  this  plate. 

If  the  original  water  contained  so  many  oi^nnisras 
that  there  devploi>ed  on  a  plate  or  tulw?  made  with  one 
drop  too  many  colonies  to  be  easily  counted,  then  the 
sample  must  be  diluted  with  one,  ten,  twenty-five,  fifty, 
or  one  hundred  volumes,  as  the  case  may  require,  of 
sterilized  distilled  water.  This  dilution  must  be  ««.•«- 
ritte,  and  its  exact  extent  noted,  so  that  subsequently  the 
numlxT  of  organisms  per  volume  in  the  original  water 
may  be  calculate<]. 

The  use  of  a  drop  is  not  sufficiently  accurate.  The 
dilutitm  should  therefore  always  he  to  a  degree  that  will 
admit  of  the  employment  of  a  volume  of  water  that 
may  be  exactly  measured,  0.2.5  and  0.5  e.e.  being  the 
amounts  most  convenient  for  use. 

Duplicate  plates  should   always   be   made,  antl   the 
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mean  of  the  number  of  colonies  that  develop  upon 
tliem  taken  as  the  basis  from  which  to  wilculate  the 
number  of  organisms  per  volume  in  the  original  water. 

For  example :  from  a  sample  of  water  0.25  c.c.  is 
added  to  a  tube  of  liquefied  gelatin,  carefully  mixed  and 
poured  as  a  plate.  When  development  occurs  the 
number  of  colonies  are  too  numerous  to  be  accurately 
counted.  One  cubic  centimetre  of  the  original  water 
is  then  to  have  added  to  it,  under  precautions  that  pre- 
vent contamination  from  without,  99  c.c.  of  sterilized 
distillecl  water — that  is,  we  have  now  a  dilution  of 
1  :  100.  Again,  0.25  c.c.  of  this  dilution  is  plated, 
and  we  find  180  colonies  on  the  plate.  Assuming  that 
each  colony  develops  from  an  individual  bacterium, 
though  this  is  perhaps  not  strictly  true,  we  had  180 
organisms  in  0.25  c.c.  of  our  1  :  100  dilution  ;  therefore 
in  0.25  CO.  of  the  original  water  we  had  180  X  100  —■ 
18,000  bacteria,  which  will  be  72,000  bacteria  per  cubic 
centimetre  (0.25  c.c.  =  18,000,  1  c.c.  18,000  X  4  - 
72,000).  The  results  are  always  to  be  expressed  in 
terms  of  the  number  of  bacteria  j)er  cubic  centimetre 
of  the  original  water. 

Another  point  of  very  great  importance  (already  men- 
tionecl)  is  the  effect  of  temperature  upon  the  number  of 
colonies  of  bacteria  that  will  develop  on  the  plates  made 
from  water.  It  must  always  be  remembered  that  a 
larger  number  of  colonies  appear  on  gelatin  plates  made 
from  water  and  kept  at  18°  to  20°  C  than  on  agar-agar 
plates  kept  in  the  incubator.  The  following  table,  illus- 
trative of  this  iK)int,  gives  the  results  of  parallel  anal- 
yses of  the  same  wat(Ts,  the  one  series  of  counts  having 
been  made  ujx)n  gelatin  plates  at  the  ordinary*  temjiera- 
ture  of  the  room,  the  other  upon  plates  of  agar-agar 
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kept  for  the  siiiiie  length  of  liino  in  tlic  iiiciiliiitor  at 
fnim  37°  to  as"  C.  It  will  be  seen  fr.™  tlie  table 
that  much  the  larger  number  of  colouies — *".  c,  much 
higher  results — wen-  alwaj's  obtained  when  gelatin  was 
employed.  The  importance  uf  this  [wint  in  the  quan- 
titative bacteriological  analysis  of  water  is  t<>o  apparent 
to  require  further  comment. 


TABLE  COMPARING  THE  RESULTS  OBTAINED  BY  THK  USE  OF  GEL- 
ATIN AT  ifP-'Sf  C.  AND  AUAR-AUAR  AT  37°-aff>  C.  IN  QUANTI- 
TATIVE BACTERlOIXKiKrAL  ANAI.VSKS  OF  WATEK.  KBiULTS 
HKrOBDKD  ABE  THE  NUMBER  OP  COLONIES  THAT  DEVELOPED 
FROM    THB   HAMK    AMOUNT    OF    VARIOUS    WATERS   IN    EACH 


GelBiln  plalui  o 


Another  point  of  equal  importance  in  ita  influence  upon 
the  number  of  colonies  that  develop  is  the  reaetion  of  the 
gelatin.  A  marked  excess  of  either  alkalinity  or  acidity 
always  has  a  retarding  effect  upon  many  species  found  in 
water.    Fuller's  experience  at  the  Lawrence  (Mass.)  Ex- 

'  I  MD  indebted  t4i  Jamra  Ilimivr  WriRht.  ThuiiiBH  PkiM  Fellow  In 
Hygiene  U««-'li3).  UniTPniily  of  roansylvniiK  fur  Uio  rwsulto  pw 
BciKttl  In  IbislnbU'. 
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poriinont  Station  has  shown  that  gelatin  of  such  a  degree 
of  acidity  as  to  require  th^  further  addition  of  from  15  to 
20  c.c.  per  litre  of  a  normal  caustic  alkali  solution  to  bring 
it  to  the  phenol phtalein  neutral  point  gives,  on  the  whole, 
the  best  results.  Thus,  by  way  of  illustration.  Fuller 
found  that  a  sample  of  Merrimac  River  water  gave 
5800  colonies  per  c.c.  on  phenolphtalein  neidral  gel- 
atin, 15,000  colonies  on  gelatin  that  would  need  20  c.c. 
of  normal  alkali  solution  to  bring  it  up  to  the  phenol- 
phtalein neutral  point — L  e.,  a  feebly  acid  nutrient  gel- 
atin, and  500  colonies  on  a  gelatin  so  alkaline  as  to 
require  20  c.c.  of  a  normal  avid  solution  to  bring  it 
back  to  the  phenolphtalein  neutral  point. 

Throughout  this  part  of  the  work  it  is  to  be  borne  in 
mind  that  when  reference  is  made  to  plates  it  is  not  to 
a  set,  as  in  isolation  experiments,  but  to  a  single  plate. 

Method  of  Counting  the  Cou)Nies  on  Pi.atp>i. 
— For  convenience  in  counting  colonies  on  plates  or  in 
tubes  it  is  customary  to  divide  the  whole  area  of  the 
gelatin  occupied  by  colonies  into  smaller  areas,  and 
either  count  all  the  colonies  in  each  of  these  areas  and 
add  the  several  sums  together  for  the  total,  or  to  count 
the  number  of  colonies  in  each  of  several  areas,  ten 
or  twelve,  take  the  mean  of  the  results  and  multiply 
this  by  the  number  of  areas  containing  colonies.  The 
latter  procedure  obtains,  of  course,  only  when  all  the 
areas  are  of  the  same  size.  By  this  method,  however, 
the  results  vary  so  much  in  different  counts  of  the  mine 
plate  that  they  cannot  be  considered  as  more  than  rough 
approximations. 

Note. — Prepare  a  plate ;  calculate  the  number  of 
colonies  upon  it  by  this  latter  method.      Now  repeat 
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tha  culciilatloii,  iiiakiag  tbc  average  from  another 
iif  ajuarfB.     Now  aotually  count  the  entire  number  a 
eoloiiies  on  tlie  [)latc     Compare  the  results. 

For  facilituting  the  counting  of  colonies  several  va 
fotiveiiient  devices  exist. 

WoUFHDGBl/S  CoUNTING-APPARATtrp. — ^ThlS  apj 
ratiis  (Fig,  104)  consists  of  a  flat  wooden  stand,  tiie 
centre  of  which  is  cut  out  in  HUch  a  way  that  eltlicra 
black  or  wliitc  glass  plate  may  be  placed  in  it.  These 
form  a  ImckgrouQd  upon  which  the  colonies  may  more 
cauily  t>c  Hccn  wlien  the  plate  to  be  counted  is  placed 


upon  it.  When  the  gelatin  plate  containing  the  colomes 
has  been  placed  n])on  thin  liackgronnd  of  glans  it  is 
covered  by  a  tmnHparent  glass  plate  wlii<'h  swings  on  a 
hinge.  This  plate,  which  is  ruled  in  s()uare  cciitimetrea 
and  sulKlivislons,  when  in  position  is  just  above  the 
colonies,  witliout  touching  Ihom.  The  gelatin  plate  ifi 
niovwl  about  until  it  rects  under  the  centre  of  the  area 
occupied  by  the  ruled  linos.     The  number  of  colonies 
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in  each  square  centimetre  is  then  counted,  and  the  sum- 
total  of  the  colonies  in  all  these  areas  gives  the  number 
of  colonies  on  the  plate ;  or,  as  has  already  been  indi- 
cated, if  the  number  of  colonies  be  very  great,  a  mean 
may  be  taken  of  the  number  in  several  (six  or  eight) 
squares ;  this  is  to  be  multiplied  by  the  total  number 
of  squares  occupied  by  the  gelatin.  The  result  is  an 
approximation  of  the  total  number  of  colonies. 

When  the  colonies  are  quite  small,  as  is  frequently 
the  ciise,  the  counting  may  be  rendered  easier  by  the 
use  of  a  small  hand-lens.     (Fig.  106.) 

FlO.  105. 


Lens  for  counUriK  colonics. 


Several  useful  modifications  of  this  appamtus  have 
been  introduced.  The  most  importiint  is  that  of  liafar.* 
Lafar's  counter  consists  of  a  glass  disk  of  the  diamot<T 
of  ordinary  size  Petri  dishes.  It  is  supplied  with  a  collar 
or  flange  that  fits  around  the  bottom  of  the  Petri  dish,  and 
thus  holds  the  counter  in  positicm.  The  disk  is  ruled  with 
concentric  circles,  and  its  area  is  divided  into  sectors  of 
such  sizes  tliat  the  spaces  between  the  concentric^  circles 
and  the  radii  forming  the  sectors  an*  of  equal  size. 
Three  of  the  sectors  are  subdivided  into  smaller  areas 
of  equal  size  for  e(mvenience  in  counting  when  the 
colonies  are  very  numerous.     The  principles  involved 

'  Centralblatt  fiir  Baktorioloj^ie  unci  Parasitenkunde,  1891,  Bd.  xv. 
8.331. 
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are  similar  to  those  of  the  preceding  apjKiratus,  but 
circular  form  of  the  apparatus  admits  of  niuro  i 
when  couDting  colonics  on  a  circular  plate.' 

Pakcs'  lias  introduced  a  cheap  and  convenient  moL 
Scation  of  Lafar'ti  apparatus.  It  consLsts  of  a  sheet  < 
whit«  paper  on  which  ie   printed  a  black  disk 


with  white  lines,  in  somewhat  the  same  fashion  aa  1 
Lafar's  counter,  though  the  areas  of  the  smallest  sub- 
divisions are  not  of  one  size  and  do  not  bear  a  constant 


'  Ijifltc'd  a|>parBtus  U  tn  he  oblnlned  fnim  F,  Hollcnkopf.  10  Thor- 

;ras8e,  SluWpirt, 

>  Juunial  uC  BucCuriuli 


bwlda  tho  patent  tor  It.    Its  price  is  Abiiut  B 
.gy  aud  P>Uiolocr>  I8W.  vol'  Iv.  Ku.  1, 


BACTERIOLOGICAL  STUDY  OF  WATER.       603 

relation  to  each  other,'  To  use  this  apparatus  (Fig. 
106)  tlie  Petri  dish  is  placed  centrally  ii]>on  it,  the 
cover  of  the  disli  is  renioveii,  and  the  colonics  are 
counted  as  they  lie  over  the  spaces  bounded  by  the 
white  lines  on  tlie  black  disk  beneath.  When  the 
plate  is  centred  over  the  black  disk  the  jxtrtion  lying 
over  one  sector  is  exactly  ono-sixti.'enth  of  the  whole 
plate. 

KaMAiiCH'tJ  t'ouNTEii. — Esniarch  devised  a  counter 
(Fig.  107)  for  cstimutinf;  the  number  of  colonies  present 


Esmarrh'B  atiparatus  for  counting  rolonlea  In  rolled  tuba. 

upon  a  cylindrical  surface,  as  when   in   rolled  tubes. 
The  principles  and  nietliixls  of  cstimiition  an'  practically 
the  same  as  those  yivcn  for  Wolft'liiigel's  apparatus. 
A  simpler  method  than   by  the  use  of  Esmarch's 

'  (.'oiiira  of  this  nppiirnliis  nrp  to  lie  hnd  of  Asii  &  Co,,  43  Soutliwark 
Btreet,  London,  i.r  of  l*iiU  &  l^iiiH,  North  Kltvcntli  Street,  Phila- 
delphia, ra.     (TLo  co8t  i«  lull  11  few  ti^nlK  |.cr  oory.) 
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apparatus  luay  be  (■raploycd  for  counting  the  coloi 
in  rolled  tubes.  It  cousittts  in  dividiug  tbe  tube  by 
lines  into  four  or  six  lougitudiuul  areas,  whicti  are  su\*~ 
divided  by  transverse  tines  about  1  or  2  cm.  u^Hirt.  Tbe 
lines  may  be  dmivn  witli  pim  and  ink.  They  nttMl  uot 
be  exactly  tlie  same  distance  ajmrt  nor  exactly  straiglit. 
Beginning  with  one  of  these  gtjuares  at  one  end  of  the 
tube,  which  may  be  marked  with  a  cross,  the  tube  is 
twisted  witii  the  Pagers,  always  in  one  direction,  and 
tbe  exact  number  of  colonics  in  each  square  as  it 
appears  in  rotation  is  counted,  care  being  taken  not  t<i 
count  a  s(|uare  more  than  once ;  the  sums  are  tlien  uddt-d 
together,  and  the  result  gives  the  numljer  of  colonies  in 
the  tube.  Tliis  method  may  be  iacilitat«d  by  the  use 
of  a  haud-lens. 

In  all  these  methods  there  is  one  error  difficult  to 
eliminate :  it  is  assumed  that  each  colony  has  grown 
from  a  single  or^nism.  This  is  probably  not  always 
the  case,  as  there  may  exist  dumps  of  bacteria  i 
represent  hundreds  or  even  thousands  of  indivi 
hut  which  still  give  rise  to  but  a  single  colony— 
viously  this  is  of  necessity  estimated  as  a  single 
ism  in  the  water  under  analysis. 

Where  grounds  exist  for  suspecting  the  f 
these  clumps  they  may  in  part  be  broken  up  by  shaki 
the  original  water  with  sterilized  sand. 

What  has  lieen  said  for  the  bacteriol<)gif'al  t 
tion  of  water  holds  good  for  all  fluids  which  are  to  E 
subjected  to  this  form  of  analysis. 

BACTERlOI/KilCAL    ANA: 

Quite  a  number  of  methods  for  the  bacteriologica 
study  of  the  air  exist.     In  the  main  they  consist  eith 
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of  allowing  air  to  pass  over  solid  nutrient  media  (Koch, 
Hesse)  and  observing  the  colonies  which  develop  upon  the 
media,  or  of  filtering  the  bacteria  from  the  air  by  means 
of  porous  and  liquid  substances,  and  studying  the  organ- 
isms thus  obtained.  (Miguel,  Petri,  Strauss,  Wurz, 
Sedgwick-Tucker.)  Because  of  their  greater  exactness, 
the  latter  have  supplanted  the  former  methods. 

In  some  of  the  methods  which  provide  for  the  filtra- 
tion of  bacteria  from  the  air  by  means  of  liquid  sub- 
stances a  measured  volume  of  air  is  aspirated  through 
liquefied  gelatin ;  this  is  then  rolled  into  an  Esmarch 
tube  and  the  number  of  colonies  counted,  just  as  was 
done  in  water  analysis.  This  is  the  simplest  procedure. 
An  objection  sometimes  raised  against  it  is  that  organisms 

Pig.  108. 


Petri's  apparatus  for  Imoteriol^^ical  analysis  of  air.    The  tube 
packed  with  sand  is  seen  at  the  point  a. 

may  be  lost,  and  not  come  into  the  calculation,  by  pass- 
\\v^  through  the  medium  in  the  centre  of  an  air-bubble 
without  being  arrested  by  the  fluid — an  objection  that 
appears  to  have  more  of  speculative  than  of  real  value. 
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J'^iltratioii   through  itorous   siib^^tancet^  appt'ars,  i 
whole,  to  give  the  heat  results.     Pftri  ri'uoninieiids  a 
pimtion  of  a  nieasiireil   volume  of  air  thi-ough   glai 
tubes  into  which  stci-iHzed  sand  is  flacked.     (Fig.  1 
When  aspiratiou   is  finiahed  the  sand   is  mixed  with 
liquefied  gelatin,  plates  are  made,  and  tlic  number  of 
developing   colonies   counted,   tlie    results   giving  1 
number  of  organisms  eontaiu<>d  in  the  volume  of  f 
itspirat«d  through  the  sand. 

The  main  objection  to  this  method  is  the  i>ossibi 
of  mistaking  a  sand-granule  for  a  colony.  This  obje( 
tion  has  been  overcome  tiy  Sedgwick  and  Tueker,  wh| 
employ  granulated  sugar  inst^-ad  of  sand ;  this,  vrhai 
brought  into  the  liquefied  gelatin,  dissolves,  and  no  such 
error  a.s  that  possible  in  the  Petri  method  can  be  made. 

SEiXiWitu-Tt'CKER   MfmioD. — On   the   whole,  1 
method  proposed  by  Sedgwick  and  Tucker  gives  se 
iinifiirm  resulte  that  it  is  to  lie  preferred  to  others, 
is ns  follows: 

The  api»aratu3  employed  by  tlieni  com^ists  essential^ 
of  three  part* ; 

1.  A  glass  tube  of  special  form,  to  which  the  i 
aSj-obiomope  has  been  given. 

2.  A  stout  eopper  cylinder  of  about  sixteen  1 
capacity,  provided  with  a  vacuum-gauge 

M.  An  air-pump. 

The  ai'robioftcope  (Fig.  100)  is  about  3.1  cm.  in  i 
entire  length ;  it  is  15  cm.  long  and  4.5  em.  in  diam 
«tor  at  itji  i'xi«uided  jmrt ;  one  end  of  the  expanded  pi 
in  nurr<^)wed  t^i  a  m^k  2.5  cm.  in  diameter  and  2.5  c 
long.  'I'll  the  other  end  is  fused  a  glass  tut>e  15  c 
long  and  0,6  em.  inside  diameter,  in  which  is  to  1 
placed  the  liltcring-niatcriul. 
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Upon  this  narrow  tube,  5  cm.  from  the  lower  end,  a 
mark  is  made  with  a  file,  and  up  to  this  mark  a  small 
roll  of  brass-wire  gauze  (a)  is  inserted ;  this  serves  as 
a  stop  for  the  filtering-material  which  is  to  be  placed 
over  it.  Beneath  the  gauze  (at  6),  and  also  at  the 
large  end   (c),  the  apparatus   is  plugged  with   cotton. 

FlQ.  109. 


The  Pedgwick-Tucker  agrobioscope. 


When  thoroughly  cleaned,  dried,  and  pluggtHl,  the 
apparatus  is  to  be  sterilizeil  in  the  hot-air  sterilizer. 
When  cool  the  cotton  plug  is  removed  from  tlu»  large 
end  (c),  and  thoroughly  dried  and  sterilized  No.  50 
granulated  sugar  is  poured  in  until  it  just  tills  the 
10  cm.  {(1)  of  the  narrow  tube  above  the  win*  gjuize. 
This  column  of  sugar  is  the  filtering-material  em- 
ployed to  engage  and  retain  the  bacteria.  After 
pouring  in  the  sugar  the  cotton-wool  plug  is  n^phu^Ml, 
and  the  tube  is  again  sterilized  at  120^  C  for  sevenU 
hours. 

Taking  the  air  sample.  In  order  to  measun>  the 
amount  of  air  used  the  value  of  each  degree  on  the 
vacuum-gauge  is  determined  in  terms  of  air  by  means 
of  an  air-meter,  or  by  calculation  from  the  known  ea- 
pacity  of  the  cylinder.  This  fact  ascertiiiiKnl,  the  nega- 
tive pressure  indicated  by  the  needle  on  exhausting  the 
cylinder  shows  the  volume  of  air  which  must  pass  into 
it  in  order  to  fill  the  vacuum.     JJy  means  of  the  air- 


BAiTERlOLOGY. 


roiu'lies  the  umrk 


r<H]i 


iivd.' 


hauste    the 
correaponi 


cylinik'r   until    tlie   ; 
litnj;  to  tLe  umuunt  of  a 


A  6t<?rilizeJ  aerobioscoi>e  13  now  to  t>e  fixed 
upright  position  and  its  uniall  end  connected  by  a  rubier 
tube  with  a  stopi'ock  on  the  cyliiitler,  i>r  to  a  glass  tube 
tightly  fixed  in  the  netik  of  an  aspiniting-bottle  by 
means  of  a  perforated  rubber  stopper.  The  cotton  plug 
is  then  moved  from  the  upper  end  of  the  aerobioscope, 
and  the  desired  anionnt  of  air  is  aspirated  tlirough  the 
sngar.  Diist-par tides  and  bacteria  wHI  be  held  buck 
by  the  sugar.  Dnriug  manipulation  the  cotton  plug  is 
to  be  protected  from  contamination. 

When  the  required  amount  of  air  has  been  aaplrattid 
through  the  sngar  the  cotton  plug  is  replaced,  and  by 
gently  tapping  the  aerobioseope  while  lield  in  an  almost 
horizontal  position  the  sugar,  and  with  it  the  bacteria, 
are  brought  into  the  large  jiart  (e)  of  tlic  apparatus. 
When  all  the  sugar  is  thua  shaken  down  into  this  part 
of  the  apparatus  about  20  en.  of  liquefied,  sterilized 
gelatin  is  poureil  in  through  the  o[>euing  at  the  end  c, 
the  sugar  dissolves,  and  tlie  whole  is  then  rolled  on  ice, 
just  a«  is  done  in  the  preparation  of  an  ordinary  Rsmarch 
tube. 

The  gelatin  is  most  easily  poure<l  into  the  aerobio- 
seope by  the  use  of  a  small,  sterilized,  eylindri(«l  funnel 
(Fig.  110),  tbe  st«m  of  which  is  bent  to  an  angle  of 
about  110°  with  the  long  axis  of  the  body. 
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The  larger  part  of  the  aurobioscopc  is  divided  ioto 
squares  to  fiu^ilitatc  tlie  counting  of  the  cuIoiiioH. 

By  the  employment  of  thii^  appanitiig  one  can  filter 
the  air  at  any  place,  and  can  then,  without  fear  of  con- 
tamination, carry  the  tubes  ^  the  laboratory  and  com- 
plete the  analysis.    Aside  from  tliis^ vantage,  tlie  filter 


wflh  afrobloBcope. 


being  soluble  only  the  insolii))lo  bacteria  are  left  im- 
bedded in  the  gelatin. 

For  g(>ncral  use  this  mctlicKl  is  to  be  preferred  to  tlie 
others  that  liave  been  mentioned. 


BACTKItlOl/KJICA 


STUDY    OP  THE   filHl,. 


Bacterioliijjical  study  of  the  soil  may  be  made  by 
either  breaking  up  small  partirles  of  earth  in  liquefied 
media  and  making  plates  diret^tly  fnim  this;  or  by  wliat 
is  [jerbaps  a  belter  method,  as  it  pets  rid  of  insobiltle 
imrticles  wbieli  may  give  rise  to  errors:  brtnking  up 
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tlio   soil   ill   storilizod   water  and  then    making   plat<^ 
inuneiliatrlv  tn»ni  the  water. 

It  must  he  home  in  mind  tliat  manv  of  the  (cronnd- 
«>riranisnis  h<  loni^  to  the  anaerohie  ^ronp,  so  that  in 
these  studies  this  point  slionhl  be  n»meinhered  and  the 
ini»th<Mls  for  the  eultivation  of  such  or<i:anisms  praetised 
in  eonneetion  with  the  ordinary  methods.  It  must  also 
he  nMuemhenMl  that  the  nitrifying  org:inisms,  every- 
where pres<'nt  in  the  ground,  rannot  he  isohiti^l  by  the 
4»nlinary  mrthtwls,  and  will  not  app(»ar  in  plates  made 
at'ler  either  of  the  above  plans.  Tlu*  sjurial  deviix»s 
lor  their  eultivation  are  deseribed  in  the  ehaj)ter  un 
soil-i>rg:inisms. 


CHAPTER  XXVIII. 

Methods  of  testing  disinfectants  and  antiseptics— Experiments  illus- 
trating the  precautious  to  be  taken— Experiments  in  skin-disin- 
fection. 

DETERMINATION   OF   DISINFECTANT   PROPERTIES. 

TuERE  are  several  ways  of  determining  the  germieidal 
value  of  chemical  substances,  the  most  common  being 
to  expose  organisms  dried  upon  bits  of  silk  thread  to 
the  disinfectant  for  different  lengths  of  time,  and  then, 
after  removing,  and  carefully  washing  the  threads  in 
water,  to  phice  them  in  nutrient  media  at  a  favorable 
temperature,  and  notice  if  any  growth  appears.  If  no 
growth  results,  the  disinfection  is  prt^sumably  successful. 
Another  method  is  to  mix  fluid  cultures  of  bacteria  with 
the  disinfectant  in  varying  proportions,  and,  after  dif- 
ferent intervals  of  time,  to  determine  if  disinfection  is 
in  progress  by  transferring  a  portion  of  the  mixture  to 
nutrient  media,  just  as  in  the  other  methods  of  work. 

By  the  first  of  these  pnxiesses  the  bits  of  thread, 
usually  about  1  to  2  cm.  long,  are  placed  in  a  dry  test- 
tube  provided  with  a  cotton  plug  and  carefully  sterilized, 
either  by  the  dry  method  or  in  the  steam  st(Tilizer, 
before  using.  They  are  then  inmiersed  in  a  pure 
bouillon  culture  or  in  a  salt-solution  suspcMision  of  the 
organism  ujxm  which  t\w  disinfectant  is  to  be  tested. 
I  say  "pure  culture/'  because  it  is  always  desirable  in 
testing  a  substjuu*e  to  (h^termine  its  germicidal   value 
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for  several  different  resistant  species  of  bacteria,  both 
in  the  vegetating  and  in  the  spore  stage,  and  also  be- 
rtiusi*  it  is  only  by  the  nse  of  pure  cuUures  of  familiar 
s|>eoii^  that  it  \h  ]>oH8ible  to  distinguish  bet^ieen  the 
colonies  growing  from  the  individuals  that  have  not 
lxH»n  destroyed  by  the  ilisinfectant  under  investigation 
and  those  of  unknown  K|Ktcies  that  may  appear  upon 
the  plate  oh  eonUtniinations  occurring  during  the  manip- 
ulation. 

After  the  threads  have  remained  in  the  culture  or 
sus]K'nsion  ior  fn)ni  five  to  ten  minutes  they  are  re- 
moved un(U'r  antiseptic  precautions  and  carefully  sepa- 
rated and  spread  upon  the  bottom  of  a  sterilized  Petri 
dish,  which  is  then  placed  either  in  the  incubator  at  a 
temperature  not  exceeding  88°  C.  until  the  excess  of  fluid 
has  (»vaiK)rated,  or  in  a  desiccator  over  sulphuric  acid, 
caK'ium  chloride,  or  any  other  drying-agent.  The  threads 
wti'  not  left  there  until  absolutely  dry,  but  only  until  the 
f  M*<««wx  of  moisture  has  evaporated.  When  sufficiently  dry 
thev  are  immersed  in  sohitions  of  the  disinfectant  of  dif- 
fei^'ut  but  known  strengths  for  a  fixed  interval  of  time, 
^\y  one  or  two  hours,  aft<T  which  they  are  remove<l, 
viiHi'il  in  sterilized  distilled  water  to  remove  the  ex- 
\Hws  of  disinfi'ctant  adhering  to  them,  and  placed  in 
U\'.ih,  sterile  culture-media,  which  are  then  placeil  in 
lUo  iuoubator  at  from  87°  to  88°  C.  If  after  twenty- 
loui'  to  torty-eight  or  seventy-two  hours  a  growth  occurs 
.ii  Kxi  \\\\\\\\{  tlu»  bit  of  thread,  and  if  this  growth  consists 
mI  ilu'  organism  with  which  the  test  was  made*,  mani- 
u  lis  iluie  lias  been  no  disinieetion  ;  if  no  growth 
Mviui-  ,\\Uy\  at  most,  ninety-six  hours,  it  is  saie  to  pre- 
miii-  itial  ihe  haeteria  hav(»  been  killed,  unless  our 
riUul-   al    liu'^iug   oil*   the  excess  of  disinfectant    from 
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the  thread  have  not  been  successful,  and  a  small  amount 
of  disinfectant  is  still  active  in  preventing  development 
— i.  c,  is  acting  as  an  antiseptic. 

By  the  process  in  which  cultures  or  suspensions 
of  the  organisms  are  mixed  with  different  but  known 
strengths  of  the  disinfectant  a  small  portion  of  the 
mixture,  usually  a  loopful  or  a  drop,  is  transferred 
at  the  end  of  a  definite  time  to  the  fresh  medium 
which  is  to  determine  whether  the  organisms  have 
been  killed  or  not.  This  is  commonly  a  tul)e  of  fluid 
agar-agar,  which  is  poured  into  a  Petri  dish,  allowe<l  to 
solidify,  and  placed  in  the  incubator,  as  in  the  preceding 
method. 

After  the  viinimum  strength  of  disinfectant  necessary 
to  destroy  the  vitality  of  the  organisms  with  which  we 
are  working  has  been  determined  for  any  fixed  time,  it 
remains  for  us  to  decide  what  is  the  shortmt  time  in  whi(^h 
this  strength  will  have  the  same  effect.  We  thc^n  work 
with  a  constant  dilution  of  the  disinfectant,  but  with 
varying  intervals  of  exposure — one,  five,  ten  minutes, 
etc. — until  we  have  decideil  not  only  the  minimum 
amount  of  disinfectant  required  for  the  destruction  of 
the  bacteria,  but  the  shortest  time  necessary  for  this 
under  known  conditions. 

A  factor  not  to  be  lost  sight  of  is  the  temperature 
at  which  these  experiments  are  conducted,  for  it 
must  always  be  borne  in  mind  that  the  action  of  a  dis- 
infectant is  usually  more  energdic  at  a  higher  than  at  a 
lower  temperature. 

Now  in  both  of  these  methcxls  it  is  oasv  to  see  that 
unless  special  precautions  are  taken  a  minute  ])orti()n  of 
the  disinfectant  may  be  carried  alou^  with  the  thread, 
or  drop,  into  the  medium  which  is  to  determine  whether 
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llie  urguiitsms  do  or  il<i  not  i)i).-a».'S8  the  jMnver  of  gi-uwlli, 
iind  there  havo  u  n.'^tmiiiiDg  or  antiseptic-  action.  For 
oi^inisms  in  their  normal  condition — thai  is,  tlioa- 
wliich  have  never  been  exposed  to  the  action  of  a  dis- 
infectant— the  uiuouiit  of  certjiin  disinftrtauttf  t)iut  is 
necessary  to  restrain  gjowtb  is  very  small  indeeti ;  and 
for  ui^nismg  that  liave  already  been  exposed  lor  a 
time  to  such  agents  this  amount  is  very  much  less 
It  is  plain,  then,  tliat  if  the  test  is  to  be  an  aocurate 
one,  precautions  must  bo  taken  against  admitting  tills 
minute'  trace  of  disinfectant  to  the  niedinra  with  which 
wc  are  to  determine  whether  the  bacteria  cxposwl  to  the 
disinfectant  were  killed  or  not.  The  pn'cautions  hitlierto 
taken  to  prevent  this  accident  liave  lieen,  when  the  threads 
were  employed,  washing  tiieoi  in  sterilizetl  distilled 
water  and  then  in  alcohol ;  or,  where  fluid  cultures  were 
mixed  with  the  disinfectant  in  solution,  an  effort  was 
usually  made  to  dilute  the  amount  of  diainfectaut  car- 
ried over,  to  !i  ^Hiint  at  which  it  lost  its  inhibiting 
power. 

White  such  preniutionw  are  sufficient  in  many  eases, 
they  do  not  answer  for  all.  Certain  chemicala  liave  the 
pn)perty  of  combining  so  firmly  with  the  threads  upon 
which  the  hact«?ria  are  located  as  to  require  other  special 
means  of  ridding  the  threads  of  them  ;  and  in  solntionn 
in  which  proteid  substances  are  present  along  with  the 
luioteriii  a  similar  union  between  them  and  the  diiuu- 
feeluut  may  likewis«'  take  place.  In  Ixitii  instances  this 
unuiunt  of  disinfectant  adhering  to  tlie  threads  or  in 
vsunhiimtion  with  the  |iroteids  nuist  bo  gotten  rid  of, 
yijH.'rwii'e  tJie  results  t)f  the  test  may  be  fallacious.  A  par- 
viktmtlulii'liof  the  problem  is  given  through  studies  that 
t^\«  Wvtt  wmlf  ujion  cori\)!-ivc  sublimate  in  its  vitrious 
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ajjplicatioiis  for  disinfecting  purposes,  and  in  this  con- 
nection it  has  been  shown  by  Shaefer  *  that  it  is  inijjos- 
sible  to  rid  silk  threads  of  the  corrosive  sublimate  ad- 
hering to  them  by  simple  washing,  as  the  sublimate 
acts  as  a  mordant  and  forms  a  firm  union  with  the  tis- 
sues of  the  threads.  Braatz  ^  found  the  same  to  hold 
good  for  catgut.  For  example,  he  found  that  catgut  which 
had  been  immersed  in  solutions  of  corrosive  sublimate 
gave  the  characteristic  reactions  of  the  salt  after  having 
been  inmiersed  for  five  weeks  in  distilled  water  which 
had  been  roj)eatedly  renewed.  Braatz  remarks  that 
a  similar  combination  between  sublimate  and  cotton 
will  take  place  after  a  long  time ;  but  it  occurs  so 
slowly  that  it  cannot  interfere  with  disinfection-exj)eri- 
ments  in  tlie  siime  way  that  silk  does. 

The  most  successful  attempt  at  removing  all  traces 
of  sublimate  from  the  threads  or  from  the  proteid  sub- 
stances in  which  are  located  the  bacteria  whose  vitality 
is  to  Ixj  tested  w^as  made  by  Geppert,  who  subjected 
them  to  the  action  of  ammonium  sulphide  in  solution. 
By  this  procedure  the  mercury  is  converted  into  inert, 
insoluble  sulphide,  and  has  no  inhibiting  effect  upon  the 
growth  of  those  bacteria  that  did  not  succumb  to  its 
action  when  in  the  form  of  the  bichloride. 

In  the  second  method  of  testing  disinfectants  men- 
tioned above — that  is,  when  culturt»s  of  bacteria  and 
solutions  of  the  disinfectant  are  mixed,  and  after  a  time 
a  drop  of  the  mixture  is  removed  and  added  to  sterile 
jnitrient  media — the  inhibiting  amount  of  disinfectant 
pan  readily  be  gotten  rid  of  by  dilution ;  that  is  to  say, 

»  Shaefor  :  Hcrlinor  klin.  Wochonschrift,  1890,  No.  3,  p.  HO. 
2  Braatz  :  C'ontrulb)fttt  fUF  l^kterjolgie  und  rarusitenkuwde,  Bd.  vij. 
>'0.  1,  p.  S, 
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iiiHteiid  i\i'  transCi^rring  the  drop  directly  U>  the  fri 
mediiiiQ,  add  it  tc  10  or  12  c.c.  of  sterilized  ealt-solu- 
tion  (0.6-0.7  per  eent.  of  NaCl  in  distilled  water)  or 
distilled  water,  and  after  thoroiiglily  sliakiiig  add  a  droj 
of  this  to  tlie  medium  lu  which  the  power  of  deveh 
ment  of  the  bacteria  is  to  he  determined. 

Another  important  point  to  he  home  in  mind 
testing  disinfectants  is  the  necessity  of  so  adjusting  the 
conditions  that  each  individual  organisn: 
posed  to  the  action  of  the  agent  used.  Wlion  clumps 
of  bacteria  exist  we  are  not  always  asdnrud  of  this,  for 
only  those  on  the  surface  of  the  clump  may  be  affected, 
while  those  in  the  centre  of  the  mass  may  escape,  being 
protected  by  those  surrounding  them.  These  clumps 
and  minute  massc^s  are  es[)ecially  liable  to  be  present 
in  fluid  cultures  and  in  suspensions  of  bacteria, 
must  be  eliminated  before  tlie  tost  ia  begiui,  if  this 
be  made  by  mixing  them  with  solutions  of  the  agent 
he  tested.  This  is  best  accomplished  in  the  following 
way :  the  organisms  should  bo  eultivabMl  in  honilhm 
containing  sand  or  finely  divided  particles  of  glass; 
after  growing  for  a  sufficient  length  of  time  they  are 
to  t)e  shaken  thoroughly,  in  order  that  all  clumps  may 
he  mechanically  broken  up  by  the  sand.  The  culture  is 
then  filtered  through  a  tube  containing  closely  packed 
glass-wool. 

Tlie  filtration  may  be  accomplished  without  fear  of 
contamination  of  the  culture  by  the  emjiloynient  of  an 
Allihin  tube,  which  is  practically  a  thick-walled  test- 
tube  dniwn  out  to  a  finer  tube  at  it^  binnt  end  so  nj«  to 
cfmvert  it  iut4)  a  sort  of  cylindrical  funnel.  Tlie  tube 
when  really  for  use  has  the  apjwamnce  shown  in  Fig. 
111. 
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This  tube,  after  being  plugged  at  the  bottom  with 
glass-wool  {a,  Fig.  Ill),  and  at  its  wide  extremity 
^vith  cotton-wool,  is  placed  vertically, 
small  end  down,  info  an  Erienmcyer 
flask  of  about  100  c.c.  capacity  and 
sterilized  in  a  stL'am  sterilizer  for  the 
proper  time.  It  i»  kept  in  the  Bterilizer 
until  it  is  to  be  used,  wliich  shouhl  be 
as  soon  as  possible  after  sterilizatioc. 

The  watery  siisptmsion  or  Iwuillon 
culture  of  the  organisms  is  now  to  be 
filtered  repeatedly  thniugh  the  glass- 
wool  into  sterilized  flasks  until  a  de- 
gree of  tninsparency  is  reached  which 
will  permit  tlie  reading  of  moderately 
fine  print  through  a  layer  of  the  fluid 
about  2  cm.  thick — i.  c,  through  an  or- 
dinary- test-tube  full  of  it.  This  filtrate 
can  then  bo  subjected  to  the  action  of 
the  disinfectant.  As  a  ride,  the  results 
are  more  uniform  than  when  no  atten- 
tion is  paid  to  the  preseuee  of  clumjis. 
It  is  scarcely  nece.'t.'iary  to  say  that  in 
the  practical  employment  of  disinfec- 
tant*! outside  tlie  lal«iratory  no  such  pn-- 
cautions  are  taken ;  but  in  laboratory 
work,  where  it  is  desired  to  determine 
exacily  the  value  of  diffcn'nt  substances  ncnisv.i  forHiierinK 
as  germicides,  all  the  precautions  men-  iiiimres  on  which 
tionetl  will  be  found  essential  to  preei-  be  tesujd. 
sion. 

The  disinfectant  value  of  pises  and  vaiR>rs  is  deter- 
mined   by   their    action    upou    test-objects   in    closed 
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cliamlicrs.  The  oliji-ct  is  to  dfterraine  tlio  proportioi 
of  tin?  gufi,  when  mixed  with  air,  that  is  required  1 
dtttroy  the  bacteria  expiiecci  to  its  action  in  a  givoE 
time.  For  this  purpose  the  test  is  usually  made  i 
fblitmti  1  under  a  sterilizetl  bell-glass  of  known  capaci^ 
the  test-objects  are  placed.  Into  the  chamber  is  th«| 
admitted  fiufRciout  of  a  mixture  nf  air  and  the  gas  imdcl 
considcratiou,  of  known  pRvimrtiniis,  to  displace  ( 
plet«ly  all  the  air ;  iir  the  pun-  gas  itst'lf  may  be  intr 
duced  in  amoimt  necessary  to  give  the  desired  diluticj 
when  mixed  with  the  air  in  the  chamber, 
expiration  of  the  time  decided  iijMin  for  the  test  i 
infected  articles  an'  removed  and  the  vitality  of  1 
bacteria  upon  thcni  is  detorinincd. 

In  the  case  of  vapors  of  \olatile  fltiidn,  snch,  I 
instance,  as  formalin,  the  fluid  is  placed  under  the  IwIU 
glass  in  an  opn  disli ;  in  another  open  dish  the  test- 
objects  are  placed.  The  liell-glaes  is  then  sealed  to  an  _ 
underlying  ground-glass  plate  by  vaselin  or  parafBtL 
and  the  Huid  is  allowed  to  vajwrize  at  ordinary  i 
tonipcniturc.  The  point  hero  to  be  decided  is  the  voU 
ume  or  weight  <if  such  a  fluid  that  it  is  necessary  t 
expose  in  an  air-ehaml)er  of  known  cubic  capacity  ja 
order  that  bacteria  may  be  destroyed  by  its  vapor  in! 
given  time. 

In  determining  the  germicidal  value  of  differs 
chemical  agents  for  certain  |Kith«geuic  Iffleteria  sui 
ccptible  animals  are  sometimes  inoculated  with 
organisms  after  they  liave  liecii  exjioscd  to  the  dtsini 
fectaJit.  If  no  |uithological  condition  resulti>,  disinfeQ 
tion  iH  presumed  to  have  been  successful ;  while  if  t" 
condition  characteristic  of  the  activities  of  the  pvd 
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reversi*  is  the  case.  The  «ihj«'etioim  to  this  iiM'thtNl 
are:  "First.  The  testH^rj^aiiisins  may  he  iiKxIitlnl  as 
reganls  repHnhietive  a«*tivity  without  hfin^  kilh'd  ; 
and  in  tiiis  ease  a  nKxlilied   form  of  the  disease  mav 

• 

result  from  tin;  inm'idation,  of  so  mihl  a  rharaetrr 
as  to  esea{>e  observation.  Second.  An  animal  that 
has  sui!ere<I  this  nnxlitieil  form  of  the  disrasr  rnjovH 
protection,  more  or  less  {M'rfect,  from  future  attaeks, 
and  if  used  for  a  snhsecjnent  experiment  may,  hy 
its  immunity  from  th(*  effects  of  the  |»atiio^enie  tt'st- 
organism,  give  rise  to  the  mistaken  assumption  that 
this  had  heen  destroyed  hy  the  action  i»f  the  ^^ermieidal 
agent  to  which  it  had  heen  suhjc«eted.**     (St^'rnher^:^.) 

DETERMFXATION    OF    ANTISKiqir    I'UOl'Kn'n  lOS. 

For  this  j)urpose  sterih»  media  are  emphiyed,  and  are 
usually  arranged  in  two  groups:  the  oih>  Io  remain 
normal  in  com]>osition  and  to  .serve  jis  enulrols,  while  lo 
the  other  the  suhstance  to  he  tested  is  lo  he  addeil  in  dif 
ferent  hut  known  strengths.  It  is  customary  to  employ 
test-tubes  each  containing  an  exact  .'iukmuH  of  houillou, 
gelatin,  or  agar-agar,  as  the  case  may  \u\  To  ench  lube 
a  definite;  amount  of  the  aulisepiie  i^  jidded,  aud  if  it 
is  not  of  a  volatile  nature  or  not  injured  b\  heat,  tin* 
tubes  mav  then  be  slerili/ed.  Alb'i'  llii'»  ihev  are  tt»  be 
inoeulatecl  with  the  organism  with  uliich  the  lest  is  to 
be  made,  and  at  the  same  time  one  of  the  "  control  "- 
tubes  fone  of  those  to  which  no  Mulieplic  has  been 
added)  is  inoeulated.  They  iire  all  llun  (o  be  plac(>d 
in  the  incubator  and  kept  und(*r  ob-xMS  atiou.  If  at  tla* 
(»nd  of  twi'iitv  four,  forty  eiehl,  «u'  Mi-viUlv  two  hours 
no  growth  appears  in  any  but  the  *' I'onlml  "-tubes,  it. 
is  evident  that  the  antiseptic  must  be  added  in  smaller 
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uiiiiiuiits,  for  \vc  arc  to  determino  tlie  poiut  at  whicli  it  J 
in  not  as  well  as  that  at  which  it  w  capable  of  preventing  j 
(ievi'lopiuwit.  The  experiment  is  then  repeated,  using  | 
smaller  aniounte  of  the  antiseptic  until  we  reach  a  point  I 
at  whicli  growth  juat  occurs,  notn'itiistandiug  the  prea-  I 
ciice  of  the  antiseptic ;  the  amount  necessary  for  antiscp-  ] 
sia  is  then  a  triflf  greater  than  tliat  used  in  the  last  tube. 
If,  for  example,  there  was  no  development  in  the  tubes  I 
in  which  the  antistiptic  was  present  in  the  proportion  J 
of  1  :  1000,  and  growth  in  the  one  in  which  it  was  j 
present  in  1  :  1400,  the  experiment  sbould  be  repeated  1 
with  strengtba  of  the  antiseptic  corresponding  to  J 
1 :  1000,  1  :  1100,  1  :  1200,  I  :  1300,  1  :  1400,  and  in  j 
tliis  way  one  ultimately  deti-rniincs  the  anioinit  by  which  j 
growtli  in  juat  prevented  ;  tluH  re|>n^s<'ntrt  the  antiMiptic  1 
value  of  the  substance  lor  the  oi^'aiiism  with  which  it  \ 
was  tested. 
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To  each  of  three  tiibcM  eiiiitnining  10  e.c. — one  of  \ 
physiol(^i('ul  Hnlb-i^)hition,  anollicr  of  bouillon,  ii  ihini  of  j 
fluid  blood-aprum — add  as  much  of  a  culture  of  nfrtphylo- 
(VweiM  pj/ogmrn  aurni»  as  can  be  hilil  iiimn  a  looped  I 
platinum  wire.  Bn-nk  this  up  cjirefully  to  olimiiiatSB 
clumps,  and  then  addexiietly  lOo.e.  of  a  1  :5008o1utioafl 
of  corrosive  sublimate.  Mix  thomnghly,  and  at  tbej 
cud  of  three  minutes  tninsfer  a  dmp  from  wich  tubel 
into  tubes  of  liquefied  agar-agar,  and  jiour  these  intol 
Petri  dishes.  Isabel  each  dish  carefully  and  pluif  tlieml 
in  the  ineulmtiir.  Are  the  results  the  same  in  all  tliAl 
plates?  How  ari'  the  difleronces  t<i  he  explaincfl  ?  To  | 
what  strength  of  the  disinfectant  wore  the  organisms'] 
exposed  in  the  c.v|HTin»'!it  V 
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To  each  of  two  tilings — tho  one  iH>iitaiiiing  10  c^c, 
of  normal  salt-solution,  the  other  4»f  UMiillon — aAl  n# 
much  of  a  siKH^M'ontaining  oiiltun*  of  anthnix  KioilH 
a8  can  Ix*  hold  njxm  a  l(H>p  of  phiiinuni  \\li>\  Pi<> 
trilnite  this  nniformlv  thnui^h  tho  nu^tliuin.  :uu1  thon 
acM  exactly  H>  c.c.  of  a  1  :  .><H>  M^luiion  of  *N*n>\sivo 
sublimate.  Mix  thonMijrhly.  ami  at  the  <^nil  of  t?vo 
minutes  tran>frr  a  drop  fn»ni  each  tuU'  to  tulH>  of 
liquefied  ajrar-atr«»r.  Pour  the><^  inuutHliately  into 
Petri  dishes.  I^Ih'1  earh  ilish  <»:irefully  :uu!  phuN*  thorn 
in  the  inoulwtor.  N<»te  the  re>ults  at  the  end  of  l\\entY- 
four,  forty-i'ijrilt,  and  seventy-two  hours.  How  do 
you  explain  theni  ? 

Make  idenlieally  the  siune  exjHTinient  with  the  same 
spore-<'ontainintr  eultun*  of  anthrax  haeilli,  exivpt  that 
the  4lmp  fnmi  the  niixtiin*  is  to  l»e  tran-^fiTretl  to  lOe.e, 
of  a  mixture  of  etpia]  |i:u'ts  of  aninuiniuin  <ulphide  and 
eterilizHl  distil  Km  1  wat«-r.  Afti*r  rmuiinini:  in  this  for 
alK»iit  half  a  minute,  a  ilnjp  i>  to  he  transfrrn-^l  to  a 
tulK?  of  ]i<|n«-fi#Ml  a^'ar-airir.  jvnind  into  Petri  dishi^, 
labellf-fl,  and  phtei**!  in  th*-  inmhat'ir.  N«»tethe  n;>ult<. 
Dit  they  eorns|kiiid  with  th*»-«-  <»I»taintd  in  the  pn^ 
cp<linjr  ex|H*riinc-nt  ?  I  low  ar»'  th*-  ilitfen.iK-es  ex- 
plained ? 


Pre|iare  a  1  :  1000  -oliition  of  er)rn»-ive  ^uldimate. 
To  eaeh  of  t\v<lv«'  IuIm  -  roiit:iiiiiiiL'  'XJi'tlv  10  «•.<•.  ot 
iKiiiinoii  :uh\  on*-  t\vi,^t  to  tli*-  lir-l,  t'.vo  dp»p*  to  the 
P<*eond,  and  -o  on  nnlil  lli'-  l;i  I  tMh<-  lia-  liad  twi-Ive 
droiH  jidd#d  to  It.  Mi-,  ilmioii'dilv  :iiid  tliiii  in'^-uL'ite 
eaeh  with  on*  v.  in  looj.liil  «»('  :i  Lonillon  eiiltiin*  of 
fAapliiih,roriii.'  jtiintfi  lit .'  inntii'.      IM;u-<'  iImiii  all   in  the 
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incubator afti-r  carefully  labelling  thum.     Nok'  the  unler  | 
in  whiuli  growth  appears. 

Do  the  same  with  anthrax  spores,  with  spores  of  ' 
bacillus  mbi'Uix, and  with  the  typhoid  but:illiis,  and  eom- 
pnre  the  results.  From  these  expfrimeiits,  what  will  be 
tiie  stpongth  uf  fornwive  sublimate  necessary  to  anti- 
sepsis under  these  cunditiouH  for  the  organisms  em- 
ployed ? 

Make  a  similar  sories  of  experiments  using  a  5  per 
cent,  solution  of  carbolic  acid. 

Detenninc  the  antiseptic  value  of  tlie  common  disin-  J 
fectants  for  the  orf^nisms  with  which  you  are  working,  j 

Determine  the  time  necessary  for  the  destruction  of  1 
the  organisms  with  whioh  you  are  working,  by  corro-  \ 
sive  sublimate  in  1  ;  1000  stdntion,  under  different  con- 
ditions— with  and  without  the  preaentre  of  albuminous   ' 
bodies  other  than  the  bacteria,  and  under  varying  con- 
ditions of  temperature. 

In  making  these  experiments  be  careful  to  guard 
against  the  introduction  of  suflioient  sublimate  into  the  J 
agar-agar  with  which  the  Petri  plate  is  to  be  made  to  I 
inhibit  the  growth  of  the  oi^nisms  which  may  not  hftv«  J 
been  destroyed  by  the  sublimate.  This  may  be  done  by  I 
transferring  two  drops  from  the  mixture  of  sublinuitA-l 
and  organism  into  not  less  than  10  e.e.  of  sterilieedJ 
physiological  suit-solution,  in  which  they  may  be  thoi^# 
ougldy  shaken  for  from  one  to  two  minutes,  or  into  tlie  l 
solution  of  ammonium  sulphide  of  the  strength  given. 

To  10  c.c.  of  a   bouillon   culture  of  Hinphylocncnu  \ 
pyogenes   niiyeim  or  aiithmx    spores  adcl    10  c.c.   of  a 
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1  :500  r^Iiition  of  <»orn>sivc  ?^iil>liiiiat4*,  ami  ullow  it  \o 
remain  in  contact  with  the  orpinisnis  for  onhj  onv-hnlj 
the  time  necessary  Uy  (Ie.stn»y  th<*in  (iis<*  an  orp'iiiisiii 
for  which  this  has  l>een  <lcterniin<Ml).  l'h(*n  transfer  a 
cln>p  of  the  niixtnre  to  eacli  of  thr(;e  Ii4|nefi(><l  a^r^ir-a^ir 
tubes  and  p»ur  them  into  Petri  dinlics.  Plact*  th(>ni  in 
the  incnliator  and  observe  them  for  twenty-four,  forty- 
eight,  and  seventy-two  hours.  No  growth  i^'eurs.  I  low 
is  this  to  be  accounte<l  for? 

At  the  end  of  seven! v-two  hours  iiux-ulate  all  of  tlies<» 
plates  with  a  cultun;  of  the  same  organi.-m  wliieli  has 
not  been  exposed  to  sublimate,  by  taking  up  bitn  of  eult- 
ure  on  a  needle  and  <Intwin^  it  at^oss  tli<;  plates.  A 
growth  now  results.  We  liav«r  here  an  ex|M'rimeut  in 
which  organisms  which  hav<*  been  exposed  to  subliniate 
for  SL  much  shotier  fl/fip  than  neceswirv  to  dei^trov  tlieni, 
when  transferre<I  ilire^'tlvto  a  favorable  eultun*  nH'diurn 
do  not  gn)W,  and  yet,  when  the  siiriie  or;.^♦^ni.-^l  wliieji 
has  not  bei;n  exfK>s<^l  to  sublimate  ;it  all  is  plants  d  upon 
the  same  nuMlium  it  dmrs  i^row.  How  is  this  to  be  ne 
counted  for? 


SKIX-DISINFWrnoN. — With  a  sterilized  knife  serape 
from  the  skin  of  the  hands,  at  the  root  of  the  nails,  :ind 
under  the  nails,  small  partieles  of  epidermis.  I'npjire 
plates  from  them.     Note  the  results. 

Wash  the  hands  ^irefnlly  for  t4'n  ininiid's  in  hot. 
water  and  serub  them  during  this  time  with  soaji  and 
a  sterilized  brush.  Hinse  them  in  hot  water.  A^r.'iin 
pn*pare  plates  from  srTapin^^sof  the  skin  on  the  (in^rrs, 
at  the  nK>t  of  the  nails,  an<l  under  the  nails.  Note  the 
results. 

Agiiin  wash  as  before  in  hoi  water  with    soap  and 
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hruHli)  ritiHf  in  hot  \viit<T,  then  Hoak  the  bauds  for  five 
niitnitPH  ill  I  :  KXK)  <M)rn)Hive  sublimate  soluticMiy  and, 
im  lM*rotH*,  ph*|mn'  phi<(>H  from  ncrapings  from  the  same 
liM»«li(ti'«.     Nofo  thi»  n^HultH. 

Ho|HwH  I  hip  hH(f*r  pnwHMhire  in  exactly  the  same  way, 
\\\\\  hi^loh^  ^»kih^  <ho  Honipin|j^  let  some  one  pour  am- 
htuhiMM^  «ulphM«^  ovor  fhi»  pointH  fnun  which  the  serap- 
\\\^^  ♦M'*^  \\\  lH^  \\\\\\\\\  Artrr  it  huH  been  on  the  hands 
iU^««M(  Ou^v  M^ituMow  t^^tuii  Hrn)|M',  and  note  the  result 
\\\\is\\  y\<\\\^^  hmdo  \\\w\\  tho  srnipin^s. 

\V««ah  4*«»  l^^tUiH^  ill  \\kA  wwWv  and  sonp,  rinse  in  clean 
\\\\\  \\\\W\\  imiiiri>tt>  lor  a  iiiiinitt'  or  two  in  alcohol, 
aOor  (lii«  ill  I  ;  KHH)  suhlimatr  sohition^  and  finally  in 
Hniiiioiiiniii  Hiilphidt\  aial  then  pr('j)are  j)lat(\s  from 
wnipinp*  tnuii  the  |K)ints  mentioned. 

In  what  way  do  the  results  of  these  experiments 
differ  from  one  anothcT? 

To  what  an»  these  differences  due? 

What  have  these  expiTinients  taught? 

In  making  the  above  exix^rimcnis  it  must  be  reniem- 
WrcA  that  the  strictest  care  is  necessary  in  order  to 
im^vont  the  access  of  germs  from  Avithout  into  our 
W¥t'*<U«v  The  hand  upon  which  the  experiment  is  being 
hM-ifi^li^^^Hl  must  be  held  away  from  the  Ixxly  and  must 
»^»Jt  Inn^^^^  nny  object  not  concerned  in  the  (»xj)eriment. 
tjlK^  ^.v^^lMnid:  !*liouhl  be  done  Avitli  the  ]K)int  of  a  knife 
iJiai*  ^4»i  ^^vn  ?*teriliz(Hl  in  a  flame  and  allowed  to  cool. 
Mk  j^>«*ismi^'«  may  be  transferred  directly  from  the 
\ii.te  \ysn\\^  \\\  lh«»  gelatin  by  means  of  a  sterilized  plat- 

i  •!.  iii4»iN  umnI  should  be  tlioronjjlily  cleansed  and 
-!\^  ;\  \.  |M  Ml  I  UH)()  solution  of  corrosive  sublimate. 
It    li^Milii  '^   \^.4^h\*^l  in  hot  water  before  using. 
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List  of  apparatiiH  and  maU'viaU  n*cjiiirHl  in  ii  lM>gin- 
ner's  bacteriological  lal>oratr>r)r : 

MICROWXIPB  AM>   Arx;KHH<)lllKH. 

Microscope  with  c^iarw*  and  fiiio  Hdjimtincnt  iukI 
heavy,  firm  \mi!e;  Ahlx;  Mih-Htap^o  coiuh^iiHin^  HVH<4Mn, 
arranged  either  aH  the  "Himple"  or  hh  tlie  n'^iiliir  Ahlio 
oondeaser,  in  cither  i»W5  to  Ik*  provided  witli  irJK  din- 
phragm ;  ohj<?ctiveH  ec|ijivaleiit,  in  tlir  Kii^cIIhIi  nonini 
clature,  to  alxmt  omi-foiirth  in'^h  and  nnr  hIxIIi  iiirh 
dry,  and  one-twclflh  inch  (Hl-initiHTHion  HVHiriii;  ii 
triple  revolving  no.-«<»-piee.e ;  fhnM*  ocnliirH,  viiryinj^  in 
magnifying  pr>w<*r;  and  a  liotih*  of  iiinnrrHion  nil. 

Glass  slidcHy  Knglish  hIijiim-  and  ni/o  iiml  of  mltirlivsM 
glass. 

Six  slides  with  dcpreHHiotiH  of  fihoul  I  <Mn.  in  diinnr<f*r 
in  centre. 

Cover-slips,  ITi  hy  15  nun,  Htpiiiro  iin«l  not  nion«  \\u\\\ 
from  O.lo  to  O.lH  nun.  thick. 

Forceps.  One  pair  of  Hnr  pointe«l  loriM'pH  mid  tint* 
pair  of  the  rVirnet  «>r  Htewarl  piiUi'ni,  for  hohling  rover- 
slips. 

Platininn  needh*H  with  ghinn  hiindh*H.     One  stniight, 

abont  4  em.  h)ng ;  one  hM»|MM|  iit   the  end,  iihont   I  mu 

long;    and   one    st might,   nhon<    H    em.    King.      (}las8 
40  <^^'r> 
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handles  to  be  about  3  mm.  in  thickness  and  from  15 
to  17  cm.  long. 

STAINING-   AND   MOUNTING-REAGENTS. 

200  c.c.  of  saturat<}d  alcoholic  solution  of  fuchsin. 

200  c.c.  of  saturated  alcoholic  solution  of  gentian- 
violet. 

200  c.c.  of  saturated  alcoholic  solution  of  methylene- 
blue. 

200  grammes  of  pure  aniline. 

200  grammes  of  C.  P.  carbolic  acid. 

500  grammes  of  C.  P.  nitric  acid. 

500  grammes  of  C.  P.  sulphuric  acid. 

200  grammes  of  C.  P.  ghicial  acetic  acid. 

1  litre  of  ordinary  93-95  per  cent,  alcohol. 

1  litre  of  absolute  alcohol. 
500  grammes  of  ether. 

500  grammes  of  pure  xylol. 
50  grammes  of  Canada  balsam  dissolved  in  xylol. 
100  grammes  of  Schering's  celloidin. 
10  grammes  of  iodine  and  30  grammes  of  {votassium 
iodide  in  substiince. 

100  grammes  of  tannic  acid. 
100  grammes  of  ferrous  sulphate. 
Distilled  water. 

FOR   NUTRIENT   MEDIA. 

}  pound  of  liiobig's  or  Armour's  beof-ex tract. 
250  grainin(\s  of  AVitto*s  or  Sargent's  peptone. 

2  kiloi::raininos  of  gold-label  gelatin  (ITestcberg's). 
100  irrainiues  of  niraixi<rar  in  substance. 

200  gramincs  of  sodium  ehloride  (ordinary  table-salt). 
500  grammes  of  pure  glycerin. 
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50  grammes  of  pure  glucose. 

20  grammes  of  pure  lact^jse. 

100  grammes  of  caustic  potash. 

200  c.c.  of  litmus  tincture. 

10  grammes  of  rosolic  acid  (c«>rallin). 

Blue  and  red  litmus-paper ;  curc;uina  pajHir. 

5  grammes  of  phenolphtalcin  in  substance. 
Filter-paper,  the  quality  onlinarily  uscmI  by  dni^gisls. 
100  grammes  of  pyn^Uic  acid. 

1  kilogramme  of  C.  P.  granulated  zinc. 

OLA88WAKE. 

200  best  quality  test-tubes,  slightly  heavier  than  those 
used  for  chemical  work,  al)out  12  U)  1*5  cm.  long  and  12 
to  14  mm.  inside  diameter. 

15  Petri  double  dishes  about  S  <»r  1>  cm.  in  diameter 
and  from  1   to  1.5  cm.  deep. 

6  Florence  fla.sks,  B<^)hemian  glass,  KKK)  c.c.  capacity. 
6  Florence  flasks,  Bohemian  ghiss,  500  c.c.  capacity. 
12    Erlenmeycr    flasks,    liohcnjiaii    ^lass,    HM)    c.c. 

capacity. 

1  graduated  mcasnrin^-<'ylindcr,  1000  c.c.  capacity. 

1  graduated  mcasurin^-cyliiMliT,  100  c.c.  capacity. 

25  bottles,  125  i\i\  <*aj)acity,  narrow  necks  with 
ground-glass  stop|MTs. 

25  bottles,  125  c.<^  capacity,  wide  mouths,  with 
ground-glass  stoj>pcrs. 

1  anatomical  or  preserving  jar,  with  tightly  fitting 
cover,  of  about  4  litres  capacity,  for  collecting  blood- 
serum. 

2  battery  jars  of  about  2  litrt»s  capacity,  provided 
with  loosely  fitting,  W(»iglited,  winvnet  covers  for  mice. 
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10  feet  of  soft-glass  tubing,  2  or  3  ram.  inside  diam- 
eter. 

20  feet  of  soft-glass  tubing,  4  mm.  inside  diameter. 

6  glass  rods,  18  to  20  cm.  long  and  3  or  4  mm.  in 
diameter. 

6  pipettes  of  1  c.c.  each,  divided  into  tenths. 

2  pipettes  of  10  c.c.  each,  divided  into  cubic  centi- 
metres and  fractions. 

1  burette  of  50  c.c.  capacity,  divided  into  cubic  cen- 
timetres and  fractions. 

1  separating-funnel  of  750  c.c.  capacity  for  filling 
tubes. 

2  glass  funnels,  best  quality,  about  15  cm.  in  diam- 
eter. 

2  glass  funnels,  best  quality,  about  8  cm.  in  diameter. 
2  glass  funnels,  best  quality,  about  4  or  5  cm.  in 
diameter. 

2  porcelain  dishes,  200  c.c.  capacity. 

6  ordinary  water  tumblers  for  holding  test-tubes. 

1  ruled  plate  for  counting  colonies. 

1  gas-generator,  600  c.c.  capacity,  pattern  of  Kipp 
or  v.  AVartha. 

BURNERS,   TUBING,   ETC. 

2  Bunsen  burners,  single  flame. 
1  Rose-burner. 

1  K()oh  safety-burner,  single  flame. 

0  feet  of  Nvhite-rul)hor  ^as-tiil>ing. 

12  feet  of  pure  red-rul)l)er  tubing,  5  to  6  mm.  inside 
diameter. 

1  thernio-reirHlator,  ])attern  of  L.  Meyer  or  Reiehert. 

2  thernioiiieters,  ^rjidiiated  in  dojrrees  of  C\»ntigrade, 
registering  from  0  to  100°  C,  graduated  on  tlie  stem. 
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1  thennometor  graduated  in  tenths  and  registering 
from  0  to  50°  C. 

1  thermometer  registering  to  200°  C. 

INSTRUMENTS,   ETC. 

1  microtome,  pattern  of  Schanzc,  with  knife. 

1  razor-stn)p. 

6  cheap-quality  scalpels,  assorted  sizes. 

2  pairs  heavy  dissecting-forceps. 

1  pair  medium-size  straight  iscissors. 
1  pair  small-size  straight  scissors. 

1  hypodermic  syringe  that  will  stand  steam  steriliza- 
tion. 

2  teasing-needles. 

1  jiair  long-handled  crucible-tongs  for  holding  mice. 

1  wire  mouse-holder. 

2  small  pine  boards  on  which  to  turk  aninmls  for 
autopsy. 

2  covered  stone  jars  for  disinfcc^tanls  an<l  for  nnjciv- 
ing  infected  materials. 

INCUBATOItS   AND   STEUILIZEKS. 

1  incubator,  simple  scjiian;  form,  cither  entirely  of 
copper  or  of  galvanized  iron  with  copper  l)(»ttom. 

1  meilium-sizc  hot-air  sterilizer  with  double  walls, 
asbestos  jacket,  and  movable  false  bottom  of  cropper 
plates. 

1  medium-size  steam  sterilizer;  eitber  the  pattern  of 
Koch  or  that  known  as  the*  Arnold  steam  sterilizer, 
preferably  the  latter. 

MIHCKLLANF:()rH. 

1  pair  of  balances,  (capacity  1  kilogramme ;  accurate 
to  0.2  gramme. 
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1  set  of  cork-borers. 
1  hand-lens. 

1  wooden  filter-stand. 

2  iron  stands  with  rings  and  clamps. 

3  round,  galvanized  iron- wire  baskets  to  fit  loosely 
into  steam  sterilizer. 

3  square,  galvanized  iron-wire  baskets  to  fit  loosely 
into  hot-air  sterilizer. 

1  sheet-iron  box  for  sterilizing  pipettes,  etc. 

1  covered  agate-ware  saucepan,  1200  c^c.  capacity. 

2  iron  tripods. 

1  yard  of  moderately  heavy  wire  gauze. 

2  test-tube  racks,  each  holding  24  tubes,  12  in  a  row. 

1  constant-level,  cast-iron  water-bath. 

2  potato-knives. 

2  test-tube  brushes  with  reed  or  wire  handles. 

Cotton-batting. 

Copper  wire,  wire  nipjxirs. 

Round  and  triangular  files. 

Labels. 

Towels  and  sponges. 
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ABBE,  substage  condensing  sys- 
tem of.  30,  'J02 
Abscess,  histological  study  of,  275- 
277 

pnxluction  of,  273 
Aerobic  bacteria,  41 
AcrobioscoiK',  <)(>7 
Agar-agar,    i>re])uration     of     (see 
Media), 
projierties  of.  J>2,  93 
Agglutinin,  413,  rM>7,  573 
Air,  bacteriological    analysis    of, 
604 
Petri's    method    for, 

605 
Sedgwick  -  Tucker 
mcthud,  006 
Alexins,  541,  552 
Anaerobic  ba<'teria,  41 

methods    of   cultivating, 
216-223 
Buehner's,  21  s 
Rsiuarch's,  •.*22 
Friinkers.  211) 
Uessf's,  217 
Kitasato    and 

Wril's.  221 
Korh's,216 
Liborius's,  217 
Park's,  •,»2'i 
Aniline    dyrs  for    dillorentiatinjj 

bacteria.  210 
Animals,   fluctuations   in    weight 
and  temperature  of,  244-2r)0 
inuculatiou  of,  230 

apparatus  used  in, 232 -211 
intralymphatic.  241 
intraocular.  244 
intraperitoneal  and  pleu- 
ral. 212 
intniv}is<ular,  2.'t5 
subcutani'ous,  230 
r)l)servations  of,  after  in«>cula 
tion,  244 


Animals,    ]K>st-mortcm    examina- 
tion of.  252 
cultures  from  tissues  at, 

254 
disinfection     of     imple- 
ments after,  25<> 
disposal  of  remains  from, 

25() 
incision  through  skin,  252 
Nut  tail's  spear  for  use  at. 

254 
opening    the    body  cavi- 
ties, 253 
position  of  aninnil,  252 
l)recautions    during,   252, 

253 
preservation     of      tissues 
from.  255 
Anthnix.  1JJ2  5(mJ 

animals  susceptible  to.  4i>f*,  5(M) 
bacillus  of,   l!J2   IIM) 
bioloiry  of,  4!>5-4J)H 
discovery  ol",  402 
e-xi>eriinents  with.  502-50<J 
inorpholojiv  of,  41^2-401 
jiatliopMnrsis  of.  4!)S  5<K) 
prottM-tive         inoculation 

against.  5<H) 
spor*'  formation, 403,  405 
staining  of,  4JC 
svniptomatlc,  bacillus  of, 
*  527 
Antiseptic,  definition  of,  Hfj 
.\ntis<'pti<'s,  tests  of,  (>10 
Antitoxins,  511,  50r>.  5(>7,  570 
Ajipanitus  ne<"es><ary  for    baeteri- 
jjlogical  work,  625 
]>reparati«)n  of,  126  120 
Appendix,  li>t  <»f  apparatus,  625 
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Bacilli,  involution-forms  of,  51 
life-cycle  of,  50 
mode  of  multiplication,  53-55 
motility  of,  57 
spore-formation  in,  51,  54 
Bacillus  anthracis,  4^ 
coll  communis,  432 
"comma,"  446 
diphtheria,  388 
dyseuteriw,  440 
Fiiiklor-Prior,  473 
influcuzae,  371 
lepnB,  348 

mallei  (of  glanders),  378 
Ni>ai>olitauus,  432 
nitrifying,  507 
oedematis  maligni,  522 
of  bubonic  plague,  310 
pseudo-diphtheria,  401 
pyocyaueus,  304 
smegma,  349 
subtilis,  2()7 

symptomatic  anthrax,  527 
sy  phi  lid  is,  34d 
tetani,  513 
tuberculosis,  341 
typhosus,  40H 
Bacteria,  aerobic,  41 
anaerobic,  41 

nictho<ls    of    cultivating,  ! 

216-223  I 

behavior  of,  toward  staining-  i 

reagents,  211 
capsule  surrounding,  47,  170 
chromogenic,  .T) 
classification  (»f,  48 
c/)nditions  necessary  to  growth 

of,  31-45 
constancy  in  morphology  of,  51 
definition  of,  31 
denitrifying,  3<) 
discovery  of,  17-19 
facultative,  33,  41 
fermentation  by,  211 

apparatus  for  testing.  212 

gases  resulting  from,  214 
flagellated  forms  of,  r>7 
identification  of,  19H 
involution-forms  of.  51 
isolaticm  of,  in  pure  <'ultur<'. 
h7-9:t 

on  slantod  media.  1 10 

priiu'iitlcs  of.  r<l 
metatrophic.  '.V* 
microscopic    examination    of, 
199 


Bacteria,  modes  of  multiplication 
of,  50-57 
morphology  of,  46-58 
motility  of,  57 
nitrifying,  36,  507 
nutrition  of,  31-44 
parasitic,  32 
paratrophic,  32 
pathogenic,  32-35 
photogenic,  35 

points  to  be  observed  in  de- 
scribing, 227 
prototrophic,  32 
reaction  produced  by,  210 
relation  to  man,  34 

to  temperature,  42 
results  of  growth,  35 
r61e  in  nature,  33 
saprugenic,  36 
saprophytic,  32 
special  method  of  Mctschni- 
koff,   Boux,  and   8alembini 
for  cultivation,  259 
spore-formation  of,  50-5.3 

study  of,  206 
stain ing-reactions  of,  211 
systematic  study  of,  198 
thermophilic,  43 
thiogonic,  37 

very   minute,  method  of  ex- 
amination of,  259 
zymogenic,  3() 
Bacteriology,  application  of  meth- 
ods of,  261 
Bacterium  coli  commune,  432- 439 
characteristics  of.  cul- 
tural, 434-436  • 
morphological. 

43,3 
pathogenic,  437 
differentiation         of, 
from    bacillus    ty- 
phosus, 436 
where  found,  432,  433 
Behring  and  Kitasato,  554 
Billroth.  27 

and  TirgJ'l,  28 
Birch- II irschfeld,  26 
Black  leg  (see  Symptomatic  An- 
thrax). 
Blo(»d,  Bautngarten's  views  on,  575 
relations   to   bacteria   and   to 
toxins,  r)4rt-r>.V) 
Blood-scniin    as    culture-medium 
(.v<r  Media), 
germicidal  clement  of,  551 
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Bolton's  potato  method,  106 

Bonnet,  25 

Booker's     modiflcation     of     Es- 

march's  method,  138 
Bouillon  (#00  Media). 
Kriej$er  and  Gohn.  520 
Hrooding-oven,  14*2-149 
Hruwniau  motion,  205 
Biichner,  548,  551,  5.V) 
Bulb  for  water  samplos,  593 
liiirdon-Sanderson,  29 
Burner,    Kuch's   safety,    for    use 

with  incubator,  144 


CARBOLIC  acid  as  disinfectant, 
84 
Chauveau,  544 
Cheniotaxis,  44 
Chevreul  and  Pasteur,  23 
Cblon>phylI,  31,  3'J 
Cholera  AHiatica,  diagmisis  of,  4<)7 
niettuHl    of    Schottt'- 
liuH,   454 
spirillum  of,  446 

behavior  of,  in  but- 
ter, 465 
in  milk,  464 
in  soil,  463 
in  water,  462 
charact4?ristics  of,  cul- 
tural, 448 
morphological, 
446 
effects  of  drj'iiig,  466 
existence  outsidt;  the 

body.  461 
experiments      u  p  o  n 

animals  witli.  •i.'Vi 
general    considera- 
tions upon,  160 
isolation  of,  454,  467 
location  in  the  ImmIv, 

461 
porsistencv  of. in  dead 

body,  463,  461.  (H>4 
Pfeiffer's      studies 

upon,  450,  461) 
})oisons  produced  by, 

455  ' 

relation      to      gases, 
453,  466  I 

to  other  bacteria, 

454,465 
to    putrefaction, 
464-466 


Cholera    Asiatica,    spirillum    of, 
relation  to  sunlight, 
46.3 
specific    reM!tion    of 
immuned    animals 
to.  459,  460 
toxin  of,  455 
Chromogenic  bacteria.  35 
Classen,  27 

Cleaning  of  tubes,  etc.,  126 
Cohn,  25 
Colon  bacillus  {tee  Bacterium  Coli 

Commune). 
Colonies,  counting  of,  .599 

study  of,  150 
Comma  bacillus  (tee  Cholera  Asi- 
atica). 
Complement   (Ehrlich    and    Mor- 

gcnroth),  .570 
Cooling-stage,  132-137 
Cornet,  321 

Corrosive  sublimate  as  disinfect- 
ant, 79 
Cover-slips,  cleaning  of,  15U 
impression,  162 
inicniscopic    examination    of, 

2ir2 
prepamtion  of,  15S 
Kte]>8  iii  making,  l.V^,  1.59 
Cultures,  gelatin,  20S 
hanging-dn)[),  204 
|M>tato,  20J» 
pure.  152 
reactions  of,  210 
stab-  and  smear-,  152 
Cygna'us,  414 

DKCOLORIZING  solutions,  181 
Decomposition,  3.'{,  507 
IVfensive  proteids,  541.  5.">3 
iXineke's    cheese    spirillum     {see 

Spirillum  tyrogenuni). 
Denitrifying  liacteria,  3() 
De.  Rossi's  flagellar  stain.  179 
Diphtheria,  antitoxin.  405 
bacillus  of,  .3H<>-407 

cultural    iM»euliarities  of, 

Mti  »>5 
experiments  upon,  404 
location  in  tissues,  397 
method  of  obtaining,  386 
modification  in  virulence, 

400 
morphology  of.  388 
pathogenesis  of,  395 
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Di|ibtberia.  biuTillua  uf,  paiMD  pru- 
duced  by.  39H 
principles  of  inuuiiiiixiiig: 

against,  551 
ptteudo-diphcliiiria     buuil- 

1ns,  401 
atalDing,  JOS,  402 
histulngiuKl    eli»Dt[<"    acuom- 
panylng,  3^-3W 
DiplocMci.  SO 

DiplDCocvas  intnicoUolaria  tnenln- 
Kitidis,  sua 
caltivatioiiof.SW'MI 
diamiDBCic   valua   nf. 

302 
diBCHvery  of,  BBS 
motpholagy  nf,  SUB 
pMtboReneaiH  uf,  Ml, 


Elsii 

Enunerich  and  Ifowitzky,  563 
aud  Low,  557 
ftud  HatUi,  556 
Eiizj-mes,  U6,  DS 
Et7Blpcla9,  083 
livubericli,  4:i:i 
Esmaroh  tubes,  1   . 

Bvuker'a  method  of  r 

iiig,  138 
made  nf  Rf^ar-ftgar,  IL. 
ExKDiiiiiitionB,  bact«riolugica],d' 

ing  life,  SST 
Exposure      and 


Disiiit'ectaiits  uml  auCiwiitius,  TT- 
*i,  lilHi'J-i 
I'llK'niiiKnts  nith,  tI30 
gpiiiTul  I'oiisidetBtious,  77-86 
metliods  uf  testing.  011-630 

precaatianH  to  b«  (ib- 
seired,  614 
use  of  animals  as  toat-ol^ects 
for,  sia 
in  tbe  laboratory,  B5 
DisiDfectioD,    general    eonsidera- 
tions,  77-aa 
influeuee  of  temperature  on.  80 
inurganle  salts  in,  79 
in  tbe  lahoiator;,  B5 
iavratigalious  of  KrJinle  and 

Panl  on,  61 
tudnt  optrandi,  77-61) 
reliable    aeenta  for  purpones 

of,  81.  85 
selection  of  ageota  to  be  used 
in.  78 
DissociatioQ,  electrolytic,  Bl 
Duiibam'i  solution,  121 
Durhaiu's  flagollsr  stall),  179 

milk-whey.  180 
Dysentery,  bueiltuii  of.  440 

AgKlutination  nf,  442 
oultDml  pecnliarltiee,  441, 

44a 
disoovory  of,  440 
morpbolojiy  nf.  440 
pathogeurai*,  443,  44.1 
protwtive  inoculation,  443   ' 
staining.  410 


1  FACULTATIVE  b»cterifc  33, 4 
'      Fuhlelaun,  87  ^ 

Fvruientution,  36,  dll 

gases  resnltiug  from,  313 
particular  fomis  of,  36,  3~ 
-tube,  213.  815 

■nethod  of  using,  31S-! 
Filling  tabva,  127-139 
Filter,  uetbod  of  folding,  10 
Fiukli^T^Prior  bacilluB,  473 
Flagolla,57 

methods  of  staialoi;,  174-178 
BowbiU's,  178 
Bun  go's,  176 
Du  Boasj's,  179 
nurhain's.  179 
Lofflcr's,  1T4 
Lowit's,  17B 
van  ErmenfCMn'B,  ^ 
Flagellated  ni^ntnisnis,  ST 
Flnidn.  examination    of,   dnffi 

lift..  2.17 
Fowl  tubercnlnaK  356 
Fmnklund,  (i.  and  P.  F.,  H 
Funnel    for    Ailing  aiirohia 
00ft 


I     Urtalin.i-iilturesin.  SM 
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Gelatin,  cultares  in,  liquefaction 
of,  their  characteristics, 
1&4,  209 
preparation  of  (tee  Media), 
propertied,  92 
Oeppcrt,  79 
Glanders,  :fr6-3t(5 
bacillus  of,  378 

cultivation  of,  380  i 

inoculation  with,  'St^l 
morphology  of.  37H 
staining  of,  in  tissues,  li^^'i 
diagnosis     of,     by     Strauss's 
method,  .'Ml 
by  use  of  mullein,  .'to.') 
manifestations  of,  .'JTO,  :W*J 

histology  of,  377,  37 "( 
Busceptibilitv   of  animals   to, 

37<>,  :toi 
synonyms.  376 
Gonococeus,  2Hh 

appearance  in  pus,  28H 
cultivation  of,  290 

Bumm's  method,  21M) 
Wassermann's  method.  21KI 
Wertheim's  nietho<l.  -JIK) 
Wright's  method.  -JUl 
distinguishing  features  <it\  t.'!»7 
morphology  of,  2^^  ' 
organisms  that  siniulati-,  'iV(\, 

298 
pathogenesis  of,  29.') 
vitality  of,  2*r)  ; 

Gonorrha'a,  i)us  of.  28s 
Green   pus   baeilhis   {xn'    Itaeillus  [ 
pyoeyaneus).  ] 

Guarniari's  agar-gelatin.  121 


HALSTEO.  212.273 
Ilaniriiig-dr<)i».  201 
Hank  in,  .'>.*>3 

aufl  Martin.  .').')2 
Henle,  2'i 

Hiss's  mcdiiini,  i)*ii 
HolI'mun,  23 
Hot-wat<r  funnel,  102 
Hydrog«Mi,  test  for  ])urity  of,  !i2(> 
Ilvpodrrmie  syringes  an<l  needles, 
2:58,  211 


1 


MHEDDING 
is; 
Inimunitv.  .^)13 


of     tissues,     18.'», 


Immunity,  acquired,  blood  in,  548 
conclusions  concerning,  r>7H 
earlier  studies  on  blood  rela- 
tive to,  .'VlH-ri.'jO 
Khrlich'a  theory  of,  :)64 
Ehrlich  and  M<irgenroth,  rAfT 
"exhaustion  "  hypothesis,  r>40 
ex])eriments  of  the  Klemiier' 

ers  on,  'AJO 
hy])otiiesis  of  Huehner,  .V).') 

of  Emmerich  and  I^w,  557 
natural,  513 
nature  of    protective    bodies, 

541,  .')12,  551-.')5;{,  5(J7  .')72 
observations  of  Behring  and 

Kitu.sato,  55.') 
**  retention  '*  hy[»othesis,  544 
theory  of  Metsc^hnikotf,  540 
Incubator,  142 

burner  for  heating,  144 
Iiidol,  meth(»d  of  detecting,  224 

[iroduction  of,  by  bacteria,  223 
Infection,  .')3 1-542 

('heniical  nature  of,  .').'{7 
conclusions    concerning,    5-10, 

57< ) 
inuihis  4ip('nnnli,  .510 
poisons  presrnt  in.  .539 
Intliien/.a.  baeilhis  of,  .'t71   :>75 
enltivalion  of.  .37:{.  :57l 
dissemination  of.  371 
is<»lation  of,  from    tissues, 

•  ><  I 
morphology  of.  372 
«»ecurrenee-  of,    in    (issues, 

371 
staining  of,  37.3 
su<e»*pti))ility    of  animals 

to,  .375 
vitality  of.  .371 
Inoculation  of  animals.  2.'S0 

ap|)aratusused  in,  232  210 
iiitra(M'ular.  241 
intraperitoneal  and  pleu- 

nil,  242 
intralymphatic,  241 
intravaM'ular,  235 
su)»cntaneons.  230 
Involution-forms  of  ))acteria,  51 
Ions,  SI 

Isolation   of   c(»l()nies  on    slanted 
media  in  tulies,  140 


ac(juired,  543 


J 


OKDAN  and  Richards,  509 
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INDEX, 


KLEBS,  27,  388 
Klemperer,  F.  aud  G.,  work 
on  pucumouia,  500 
Koch,  fundameutal  researches  of, 
29 
postulates  of,  341 
safety  burner  of,  144 
Kronig  aud  Paul,  81 


LACTOSE-LITMUS  agar-agar  or 
gelatin  (Me  Media). 
Leeuwenboek,  17-19 
Lens  for  counting  colonies,  548 
Lepra  bacillus,  348 

staining-peculiarities     of, 
354 
Letzerich,  27 
Le  veiling-tripod,  132 
Lime,  chloride  of,  85 

milk  of,  84 
Litmus  milk  (see  Media). 
Ij6ffler*8  alkaline  methylene-blue, 
165 
blood-serum  mixture,  V2\ 
method   for   the   isolation   of 
the   bacillus  of  diphtheria. 
386 
stain  for  flagella,  174 
T^ifflcr  and   Schiitz,  discovery  of 

the  bacillus  of  glanders,  378 
Lowit's  flagellar  stain,  17« 
Lnkomsky,  27 
Lumbar  puncture,  302 


MAD8EN.  521 
Malignant    (pdema,    bacillus 
of,  522-527 
eultural   peculiarities 

of,  523-525 
morphology  of,  522 
puthoKcnesis  of,  525 
snscei»tibility   of  ani- 
mals to,  52<» 
Malleiii,  385 
Meat-extracts  in  culture-media,  JM> 

-infusion,  125 
Media,  culture-,  J) I 

agar-agar,  101 

clarification  of.  105 
filtration  of,  105 
glycerin.  HXJ 
neutrali/ation  of,  \)T\ 
solution  of,  105,  KXi 
blood-serum,  110 


Media,  culture-,  blood-serum, 
Councilman  -  Mallor^' 

method,  115 
mixture    of    Loffler, 

124 
Nuttairs  method,  116 
original     method    of 

Koch,  110-114 
preservation    of,  114, 
117 
by      chloroform, 
117 
sterilization    aud    so- 
lidification of,  112- 
114 
bouillon,  94 

neutralization  of,  91- 
93 
Eisner's       potato-gelatin, 

424 
gelatin,  9}) 

clarification  of,  102 
filtration  of,  100-102 
solution  of,  102 
sterilizjition  of,  103 
CJuarniari's  agar-agar  gel- 
atin, 124 
Hiss's  medium,  426 
hrctose-litnms      agar-agar 

or  gelatin,  123 
litmus-milk,  119 

-whey,  120 
meat -in  fusion,  125 
milk,  119 

-aj^ar-agar.  119 
pei)tone    solution,     Dun- 
ham's, 121 
Pro.sk  a  uer       and 
Capaldi's,  429 
potatoes,  107 

Bolton's        method 

108 
Ksmarch's      method, 

109 
mashed,  109 
original  method,  107 
r(»solic-a<'id-peptone       so- 
lution,  122 
Stoddard's  medium,  425 
M«'ningitis,  cer<'l)ro-spinal,  cau.*i«- 
tive  »)r}ranism,  298 
lumbar  i»uncture  in,  302 
Metsrhnikotf.  51(5 

K(»ux,  and  Salembini,  method 
of,  259 
Micrococci,  50 


ISDKX, 


VuVl 


Mierocoeci,  mode    of  multiplica- 
tion of,  53 
Microcoocufl  i^iiorrhtfa  ^nt  <roiio* 

COCCI14). 

ImaceolatUH,  .fijOri^K 

irregularitieH  in  dcvrIo|r 

ment  of,  '<.i£^  I 

morpholof^ii^l     fNTuIiuri   I 

tics  of.  :ft>i.  :w:j 
resultd     of      iiiii'')ilatioii 

with.  rCiTi 

staiuinK  '»f'  '^•^'> 
smMVptiliilitv  of  aniniiiN 

to,  S-jrj 
▼ariatioiiH    in     viriil«  ii<-«- 

of,  .'W5 
when*  found,  rryj 
totngenuii.  '.iUfy  :^»\ 

cultural    pf-ruliariti'-H    <if. 

morphoUfjry  of.  '.v^ 
suJiccpr.iMlirv  rif  :iiiirii;i!< 

to.  rj-jf* 

when;  f'ltjii'l.  TliT 
Microscope.  i«rti  of.  Ifr?* 
Microtomfr.  l^t 
Milk'iiAf  Mw!i;fe.. 


NAGELI.  rrr 
Na*,ilorf.  s: 
y«edbani.  ->J 
Nitrifiration.  VC 
yitrifyiri;^  ^'V  r-  rin.  VC 
Sitriti^.  ?'-r  f  ■.-.  r;n 
Nitrrr-niOlj;!.-! '.f   'A  ::.'.'./ f  If!    !/■         .-.'i 
''fJi'.'iri:     ;.«'■;,!  in'  i»  t     i.l 

-'il'>  .'.;  ; 

NoniiAl  •'..  I'j-.i    '.'.-• 
Xnttiii;.  i,M    ;:  i    ;:  , 

'*    •    . .  ■ .  ■'  .1.  It  ■'  «ff 
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Pfriff.r,  Tt'*,  l.-rfi,  .V»K,  r^Vi 
I'hHKfM'ytiMix,  r*l<l 
f'hof<i);ruir  hiu'l'Tifi.  'Ti 
fMiiviif.  IiiiImmiK'.   liMf-illii*  of,  !IIO 

iiiiMvtiiMiii  iif,  :ii:t 

iiiiiniiiiil\  finiii.  :tl7 
iiMidt-       iif       Infri-lKiii 

Willi.  ::i  1  :il7 
fii'ir|ili"li*rv  "f,   '.t  i 

fi«'«-lll  n  IM  •    III    Ifmilt  «, 

fnit  h<>:'i-iii  ';i>t  III.    S|  1 
\it)ili<v  of.    Ii  } 
I'lat'--*,     {i|i|Mi.iti|.i     fiii|iliivid      III 

iii»k  iiiv!.    i  '•'*   1-17 
r.Hiii.ii' Ii-  mi'hIiIIi  III  lull     I  M 
l*'»'iki|'>t   iii'i'lili' ill  I'lii    III, 
I  i' 
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Prastnin^r  and  f«i«ilili.  iiO 

Soil,l]act<.'rio1»pFJi]uiinVsiHor.(k)f)                1 

frudilen.  :i»5,  551 

uitrifyiuK  bacteria  iii,  507                          1 

I'Heiido-dipbtlierift  bouillaa,  401 

organisms  prejeiit  in,  513                           ■ 

ntimttiUH.  37 

PurecullorB,  ITi'i 

507                                                                 1 

lTO.  -Zil}.  -aiS 

Sliirilla,  50,  53                                        ^^M 

I'mr.-lt.i:ti..Ti,  33,  3fi 

Hpiiillnm  of  Asiatic  cholera  (nw    ^^M 

['y.iniii.i,  prodllttiou  of,  273 

Cbolsra),                                    ^^^H 

l\v«.vu...'u=,  !.a.'L!1u8   304 

eli.imeli'on  pienoniena  of. 

of  Denuke,  47S-491                          ^^H 

biology  of,  478-^1                ^^H 

:w7 

ensyme  of,  308 

put1iuKi>n<»i«  of,  481                             1 

of   Kinkier-Prior  (m   Vibrio                I 
ProltuHJ.                                               I 

[HLtlluf^lllu    prupvtkiea  ui, 

proteolivB  propertiea   of, 

of    Motschnikoff    <>«   Vibrio      ■ 

3011,310 

MctschDikovi).                           ^^M 

of  Millvr.  4.S1  iA'\                        ^^H 

hiuiug!  or.  48S-485                ^^H 

AUAKTEB    evil  or   qunrtor  ill 

morphnl..gy  of,  482                  ^^M 

tyrogcuuto  (tin  Spirillum   at  ^^H 

mnekel.                                       ^^H 

nEOEPTOKS,  BBS,  571 

Spores,  rormaCiou  of,  HO,  a^                 ^^H 

melhod  of  atndylng,  20a     ^^H 

Ei'Kulutor.  ims-preganw,  14rf 

mode  uf  development.  GO,  55   .^^^^^| 

Ibornir.-,  UG 

]iiiu1(leis.'li.  ai 

staining  of,  171,  172                  ^^^M 

Spulnin,  inoculHtioDB  with,  330   J^^^^M 

M.dml. 

Rons  niul  Ycralu.  400 

^^^H 

pathogenic  properties  ol,  Stt^^H 

«opticffiniiM,32I                          ^^^H 
tnberciilovis,  330                      ^^^^H 

QAPROOENIC  bnctori*,  36 
tile  of.  in  nature,  33 

tuberculous.  318                      ^^^H 

Stub-cultures,  152                              ^^^^H 

Swvinff,  50 

»ta)uing,   method)  and  icailtto^^^^H 

used  in,  157-197                 ^^^^H 

Scliotlelins'g  method  of  examining 

acetic  acid.  170                        ^^^H 

Bowhill'K,  17H                             ^^^H 

Schroder  nnd  Dusch,  23 

Buiige'a,                                        ^^^B 

SchlllM.  S3 

Dp  RuK^i's.  170                            ^^^^H 

Sobwaon,  83 

Durliam'M,                                     ^^^H 

aalih.?tt'».  1(!9                             ^^^H 

Septicnmia,  320,  329 

general  remarks  on,  180          ^^^^H 

aram's,  16S.  18»                     ^^^H 

3M 

Gray's,  194                              ^^^H 

from  «|)Otum,  321 

Koch-Ehtlich'B,  166                ^^^H 

ShiRa-i  bacillDii  (»«  Dyacntery). 

Kocbne's,  101                              ^^^H 

"SidoHjhalQ"  theory  (Kctli-nthe- 

I>1ffler'sbluE,  165                   ^^^H 

orlc)  of  Ehrlich.  604 

^^^M 

LooritX                                           ^^H 

«93 

Morller'B.  172                       •     ^^H 

1          Bmoar-cnltnres,  152 

1         SniEKina    btwillQO,  ntaining-pccu- 

ordinary  solution)!  used,  in    .^^^M 

bottles  fbr  tuU^^^^H 

'            liariliwi  of,  34B,  354 

1S4               ^^H 
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Staining,  method  of,  vuu  Ermcii- 
gcu'tf,  177 
Welgert'8,  192 
Zichl-Neels4Mi,  166,  m\ 
Staphylococcus  epidermidis  albud, 
279 
pyogencfl  albus,  279 
aureus,  270-27H 

cultural   ])eculiaritic8 

of,  271-27:{ 
pathogenesis  of,  273 
toxin  of,  277,  27H 
where  to  be  ex|>ected, 

citreus,  279 
Staphylotoxin,  278 
Sterilization,  chemical,  61.  77 
by  heat,  61 

principles  involved,  6,1-69 
by  hot  air  or  dry  h«*at.  62,  7.") 

a])])aratus  used,  7(> 
by  steuni,  62-7.'> 

appanitns  used,  71-75 
under  i»resj»nre,  69,  73 
direct,  69 

exi>erinient8  upon,  265 
intermittent,  61,  65 

at  low  tenijMTattire,  68 
principles  involv*'d,  63-69 
use  of  the  term,  59 
Sternberg.  :tt3 
Stoddard's  medium,  425 
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VENTION AND  TREATMENT.  In  one  Igmo.yolnme  of  127  psgea, 
with  9  illnitrationi.    Cloth,  fl.SG. 


Latin  TMlinical  Terms  nacd  in  Medicine  and  the  Collateral  Sairiina. 
In  iHo  octavo  volames  etinlainin^  1574  pa^  and  two  colored  plates. 
Per  volume,  cloth,  (6 1  leather.  t7. 

BI.AOK  (D.  OAHPBBLL].      THE    URINE   IN    HEALTH    AND 

DISEASE.  AND  URINARY   ANALYSia,  PHYSIOLOGICALLY 

AND  PATHOLOGICALLY  CONSIDERED.    In  one  12mo.  volume 

of  26S  pages,  with  73  engravings    Cloth.  $2.75. 

A  oonoiae.  yet  complete  manual,  ,  tical  and  clinieal  standpoint. — Tht 

treating  of  the  lubject  from  a  prac-    Ohio  iftdical  Jouiiml, 

BIiOXAH  (O.  Ii.),  CHEMISTRY.  INORGAMIC  AND  ORGANIC. 
With  Eiperimenta.  New  American  from  the  fifth  London  edition. 
In  one  handsome  octavo  volume  of  727  pages,  with  292  illuatrationa. 
Cloth,  t2  :  leather,  (3. 

RKBWI':R((iEOR(iB  E.|.  ATEXT-H'tOK  01' THE  PRINCIPLES 
AND  PRACTICE  OK  SURGERY.  Oolavo,  7liO  pages.  2,''0  engrav 
ings,  7  colored  plates.     Clotli,  $4  ;  leather,  ^'>,  >•<:!.     JuM  nady. 

BROOE  iJ.  MITOHEIilii.     MATERIA  MEDICA  AND  THERA- 
PEUTlCS.     Sixth  edition.    In   one  12mo.  volume   of  SUO  pagw. 
Cloth,  11.50,  net.    See  Audent's  Stria  of  Manuait,  page,  37. 
Thl*  new   edition   inerBasea   the  l  known   and    appreciated. — Medical 

value  and  more  firmly  eslahlishea    Rrrieir  af  Rciirirs. 

the  nputJilion   uf   a  work   already  ' 

BRt'Ce  (.1.  MITCHKLt.).    PRINCIPLES  OF  TREATMENT.    Ib 
one  octavo  volume  of  G'JS  |>ages.    Cloth,  t3.75,  nel. 
One  of  the  most  useful   books  in  |  COTtr   to  cover.— It  171*11  rn  MntiUU 
which  the  practitioner  can   iovest.  t  Semi-MoHthlif, 
It  is  a  book  worthy  of  reading  ftam  ' 
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BRYANT  (THOMAS).  THE  PRACTICE  OF  SURGERY.  Fourth 
American  from  the  fourth  English  edition.  In  one  imperial  octavo  vol. 
of  1040  ])ages,  with  727  illustrations.    Cloth,  $6.50;  leather,  $7.50. 

BURCHARD  (HENRY  H.).  DENTAL  PATHOLOGY  AND  THER- 
APEUTICS. Handsome  octavo,  575  pages,  with  400  illustrations. 
Cloth,  net,  $5.00 ;  leather,  net,  $6.00. 

Ill  the  treatment  of  the  subject  the  a  valuable  text-book  on  a  subject 
method  pursued  bv  the  author  is  which  has  heretofore  not  been  ade- 
logical  and  sequential.    The  work  is   quately  represented. — Dental  Cosmos 

BURNETT  (OHARIiES  H.).  THE  EAR :  ITS  ANATOMY,  PHYSI- 
()U)GY  AND  DISEASES.  A  Practical  Treatise  for  the  Use  of 
Students  and  Practitioners.  Second  edition.  In  one  8vo.  volume  of 
580  pages,  with  107  illustrations.    Cloth,  $4 ;  leather,  $5. 

CARTER  (R.  BRUDENEIili)  AND  FROST  (W.  ADAMS).  OPH- 
THALMIC SURGERY.  In  one  pocket-size  12mo.  volume  of  659 
pages,  with  91  engravings  and  one  juate.  Cloth,  $2.25.  See  Seriei  of 
Clinical  Manuals,  page  25. 

CASPARI  (CHARIiES  JR.).  A  TREATISE  ON  PHARMACY. 
For  Students  and  Pharmacists.  Second  edition.  In  one  handsome 
octavo  volume  of  774  pages,  with  301  illustrations.    Cloth,  $4.25  neL 

The  author's  duties  as  Professor  i  student  who  cannot  understand  must 
of  Tlieory  and  Practice  of  Pharmacy  be  dull  indeed.  The  book  is  fhll  of 
iu  the  Maryland  CoUe^^e  of  Phar-  new,  clean,  sharp  illustrations, which 
macy,  and  his  contact  with  students  tell  the  story  frequentlv  at  a  glance, 
made  him  aware  of  their  exact  The  index  is  full  ana  accurate. — 
wants  in  the  matter  of  a  manual.  National  Druggist, 
His    work    is  admirable,  and  the  | 

CHAPMAN  (HENRY  C).  A  TREATISE  ON  HUMAN  PHYSI- 
OLOGY. Second  edition.  In  one  octavo  volume  of  921  pages, 
with  595  illustrations.    Cloth,  $4.25 ;  leather,  $5.25,  net. 


In  every  respect  the  work  fulfils 
its  promise,  whether  as  a  complete 
treatise  for  the  student  or  as  an  ad- 


mirable work  of  reference  for  the 
physician.— iVortA  Carolina  Medical 
Journal, 


CHARLES  (T.  CRAN8TOUN).  THE  ELEMENTS  OF  PHYSIO- 
LOGICAL  AND  PATHOLOGICAL  CHEMISTRY.  Octavo,  451 
pages,  with  38  engrayings  and  1  colored  plate.    Cloth,  $3.50. 

CHKYNE  (W.  W.)  AND  BURGHARD  (F.  F.).  SURGICAL 
TREATMENT.  In  seven  octavo  volumes,  illustrated.  Nmo  ready. 
Volume  1,  299  pages  and  66  engravings.  Cloth,  $3.00  net.  Volume  2, 
382  pa^es,  141   engravings.    Cloth,  $4.00  net.     Vol.  3,  305  pages,  100 


The  work  is  especially  strong  from  mont  receives  a  very  large  share  ot 
the  practical  point  of  view,  and  con-  |  attention.  The  illustrations  are  clear 
tains  many  ii.seriil  hints,  often  upon  ;  and  useful,  and  the  index  has  evi- 

minor  details  which  contribute  so  i  deotly  been  very  carefully  made. 

much  to  surgical   success.     Treat- 1  Medical  Record. 
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CLINICAI.  MANUALS.    Het  Stria  of  Cllnicai  Manwali,  puge  2S. 

CIX>DSTON(THOSIA8  8,).  C1,1N[CA1-  LECTURES  ON  MENTAL 
DlSICAKKl^.  Ni-w  i5t]i}  ediliim.  In  one  octavo  viilume  nf7oO  paicea, 
Willi  ISi  PKlureil  (.tult^s.     Cloth,  «4.^5.  «el. 

aar  FiiLsoM'a  Al^lriict  uj  /jiipi  a/  U.  S.  an  Ciutedy  of  fntanr,  oolsvo, 
4l  oU,  is  Mild  in  eai) junction  uilh  C'lou*loi>  on  Mental  Jhtiatet  for 
$5.00,  nrt,  for  tlie  tiro  works. 

OOAKLKY  (CORNELniB  O.l.    THE  DIAGNtffllS  ASD  TKEAT- 
WENT   OF    D18HAS1CS    OF    THE   N08E,    THROAT.    NASO- 
PHARYNX   AMD   TBACSEA.     Sraood  edition.     In  one  ISmo. 
Tolunie  pf  5GS  ptgea,  wllh  103  viigravini^  and  4  colored  pUtea.  Cluth, 
JZ.76.  ntt. 
Thu  work  is  a  convenient  and  in- .  uiav  be  recommended  aa  u  complete 
vijienBivc  guide  to  tlie  enlire  field  of  iind  tnutirnrlhi'  luminury   of  tlie 
diaeaBi'>of1]ienDMandtbroBt,w1iieii|>ubjei<t.— J/«fiVa;jVnct. 

vol. 


—  7'A<   Pli;itiriiin   aitd 


COLEMAN  (ALFRED).  A  MANDAL  OF  DENTAL  SURaERY 
AND  I'ATilOLOUY.  With  Notes  and  Additiuna  to  adopt  it  to  Amer- 
ican Pnwtlce.  B)f  Ttloe.C.&TBI.LWjlOKN,M.A.,M.D.,D  D.S.  Inore 
hundfiiDe  octavo  vol.  ot  iVl  pBg«,  with  331  engravings   Cloth,  t&.2B. 

COLLINS  (H.  D.)  AND  ROORWELL  (W.  H.].  A  POCKET 
TEXT-BOOK  OP  I'HYSIOUHJY.  ISmo.of  31«  pagea,  cith  IW 
illuitmUoni.  Cloth,  41.60;  flexible  red  leather,  92.U0.  nr<.  Lta't 
Srria  of  Foeka  TtxI-boot;  edited  bv  BERK  B.  Galladi>BT,  M.  D. 
See  page  18. 
Well  written  and  un  to  date.    It  I  practitioner  with   the 

is  u  manual  ndmirablj  odipted  to   thi«   mibji'*      "'' '    "' 

teach  the  beginner  (he  essaiitlnla  or  Siirgtim. 

physiology,    and   to   acquaint    the  | 

CX>NI>IE!D. FRANCIS).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES OF  CHILDREN.  8iith  edition,  revised  and  enlarged.  In 
one  large  8vo,  volume  of  710  page*.    Clotli,  (6.26. 

OORNIL  (V.).  SYPHILIS:  ITS  MORBID  ANATOMY,  DIAQNO. 
SIS  AND  TREATMENT.  Tranilated,  with  Note*  nod  Additiolia,  br 
J.  Hk-nry  C.  8iMKH.M.D.aud  J.William  White,  M.D.  In  ana 
Bvo.  volume  of  4til  pagea,  with  84  illuatretiona.    Cloth,  S3.7S- 

CROCKETT  (M.  A.).  A  POCKET  TEXT-BOOK  OF  DISEASES 
OF  WOMEN.  In  one  liiuidsome  12dio.  volume  of  SiiH  paipv,  with 
107  illuBtmtioni.  Cloth,  $1,G0.  «'(;  llciiWe  Icalher  fri.OO,  tut, 
Im't  Srrin  of  I'oekH  Ttxt-baekt,  edited  hj  ItKiUi  I).  OallauuKT, 
H.  D.  See  pagi  IN. 
Thiaia.like  Bll  theother  manunlBllmnk   for  praeiitioncn.— A.  I^vtt 

in  tlii'seriro.'i  nio«lcxi?elleiii|iui>lc    .Vrdital  and  SiirgifalJmirnal. 

or  aliidenlE  and  a  hand;  refercnee ' 
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CROOK    (.JA3IES      K.)    ON     MINERAL     WATERS     OF     THE 
UNITED  STATES.     Octavo,  575  pages,     ("loth,  $3.50,  net, 
III  such  a  book  as  this  the  medical    of  every  water  of  any  known  medici- 
profession  will  find  a  wonderful  ally;    nal     i)ro|)ertit'S. —  7  he    Loaisville 
It  is  remarkably  complete  in  every    Monthly  Journal. 
<letail,  giving  the  results  of  aiialysf^ 

CULBKCTH  (DAVin  M.  R.).  MATERIA  MEDICA  AND  PHAR- 
MACOLOGY. Third  edition.  In  one  handsome  octavo  volume 
of  90")  pages,  with  Al'.\  illustrations.    Cloth,  $4.75,  net. 


as  well  as  richness  of  illustration, 
this  convenient  volume  has  no 
paralled  on  its  subject. 


A  systematic  and  thorough  trea- 
tise on  the  entire  Materia  Medicn, 
animal,  vegetable  and  mineral.  In 
detail  and  abundance  of  information, 
CUSHNY   (ARTHUR  R.).   TEXT-BOOK  OF  PHARMACOLOGY. 

Third  edition.     Handsome  8vo.,  750  pages,  with  52  illustrations. 

Cloth,  $:).75,  net ;   leather,  $475,  net. 
The  l»est  exposition  of  our  knowl-   acquainting  themselves  with  the  very 
edge  of  pharmacology  which  has  vet   latest  knowledge  on  this  very  im- 
been  given  to  the  medical  public,    portant  subject. — The  Montrenl Med- 
We  can  cordially  recommend  it  to    ical  Journal. 
all  our  readers  who  are  desirous  of 
DAliTON  (JOHN  C).   A  TREATISE  ON  HUMAN  PHYSIOLOGY. 

Seventh  edition.     Octavo,  722  pages,  with   252  engravings.    Cloth, 

$5 ;  leather,  $6. 
DOCTRINES  OF  THE  CIRCULATION  OF  THE  BLOOD.   In 

one  handsome  Timo.  volume  of  293  pages.     Cloth,  $2. 
DAVENPORT  (F.  H.).      DISEASES  OF  WOMEN.      A    Manual   of 

(gynecology.      For    the  use  of  Students  and    Practitioners.     FiMirth 

edition.     In  one  handsome    12mo.   volume    of  402    pages,  with    154 

illustnitions.     Cloth,  $1.75,  net. 
Dr.    Davenport    has    the    happy    knowing,  and  presents  these  princi- 
faeiilty  of  selecting  just  thosi'  pomts    pies  in  a  clear,  concise  and  thorough 
in   gynecological   thenif^uties    and    manner.     The  book  can  be  highly 
surgery  which  the  student  and  junior   commendiHl. —  IVie  Medical  Age. 
pnictitioner  most  stand  in  need  of 

DAVIS  (EDWARD  P.).     A  TREATISE  ON  OBSTETRICS.    FOR 

STUDENTS    AND    PRACTITIONERS.      In   one  very    hnndsome 

octavo  volume  of  546  pacres,  with  217   engravings  and  30  full-page 

plates  in  colors  and  monochrome.    Cloth,  $5 ;  leather,  $6. 

From  a  practical  standpoint  the    thoroughly  scientific  and    brilliant 

work  is  all  that  could  be  (lesired.  A    treatise  on  obstetrics. —iV«i.  News. 

DAVIS  (F.  H.).    LECTURES  ON  CLINICAL  MEDICINE.    Second 
edition.     In  one  12mo.  volume  of  287  pages.     Cloth,  $1.75. 

DE  liA  QECHE'S  GEOLOCJICAL  OBSERVER.     In  one  large  octavo 

volume  of  700  pages,  with  300  engravings.     Cloth,  $4. 

DENNIS  (FREDERICS.)  AND  BIIililNGS  (JOHN  S.).  A  SYS- 
TEM OF  SURGERY.  In  contributions  by  American  Authors. 
Complete  work  in  four  very  handsome  octavo  volumes,  containing 
3652  pages,  with  1585  engravings  and  45  full-page  plates  in  colors 
and  monochrome.  Per  volume,  cloth,  $6.00;  leather,  $7  00 ;  half 
Morocco,  gilt  back  and  top,  $8.50.  For  sale  by  subscription  only. 
Full  prospectus  free  on  application  to  the  publishers. 
No  work  in  English  can  be  con-  I  American  Journal  of  the  Medical 

sidered  as  the  rival  of   this. — The  I  Sciences. 
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OBRCUM   (FRANCIS   X.I,     EDITOR.       A    TEXT-BOOK   ON 
NEKVOUS  DISEASES.    B7  Amerion  Authon.    Id  one  handiome 

octavD  Tolaine  of  1051  pages,  witli  341  engravings  and  7  colored  plalo. 
DE  BOHWEINITZ  (GBOROE  E.).   THE  TOXIC  AMBLYOPIAS. 
Their  ClassificatioD,  HbUiry,  Symploini,  Pathology  and  TrestDieiit. 
Vei7  haDdaome  octavo,  241)  pHgefl,  46  engravinga,  aoil  9  full-page 
plalei  in  colon.    Di'  laie  blading,  %t,  nd, 
DRAPER 'JOHN  O.).    MEDICAL  PHYSICS.    A  Teit-book  for  Slu- 
deuta  Bod  Practilionen  of  Medicine.     In  oae  handsiiiDe  ocUTO  volume 
(if  734  pages,  wilh  376  eiigraTingi.    Cloth,  t4. 
»KtJITT<ROBBRT|.    THE   PRINCIPLES   AND   PBACTICE  OF 
MODERN  SURGERY.    Twelfth  Edition.    Octavo,  DGfi  i-ag™,  nith 
.STSengMviiiKi.     Cl<>tli,t4:  leathcr.tS. 
DUANB  (AliBXANDBR).    A  DICTIONABY  OF  MEDICINE  AND 
THE  ALLIED  SCIENCES.    Coinprisine  the  Pronuueiation,  Deriva- 
tioD  aud  Full  Explanation  of  Uedim,  Denial,  Pharmaceuticnl  and 
Veterinary  Terms.    Together  with  much  Collateral  Deaoripliva  Mat- 
ter. Numerotu  Tablea,  etc.    Fourth  edition,  with  appendix.    Sqiiam 
octavo  of  6SB  page*,  with  8  colored  platen  and  thumb  index.    Clotfa, 
$3.00.  net :  limp  leather,  •<I.DO,  nn. 
II  io  one  of  the  modern  nmrveUj  pur«e.    For  the  atmli-nt  and  buaj 
that  Bucfa  a  vait  aggregate  ft  sehnl.  practitioner  it  is  decidedly  the  lirat 
arlf  knoHlcdge  can  beplnced  willi-l  tiook   in    its    line.— 7'Ae   Souih/m 
in  the  command  of  a  very  mndestj  Praetiliontr. 

DDDIiEV   (E,   C).      THE    PBINCIPLES   AND    PRAfTICE    OF 

OYNECOIXKJY.    Third  edition.    Handmmc  octavo  of  7511  page", 

with  474  illnslratinn*  iu  blank  aud  oolors,  and  13  colored  platea. 

Cloth.  $5.00,  net ;  teatlier,  $11.00,  nfl ;  half  Morocco,  $0.9),  net. 

Dudley  hai  more  than  revtued  his  and  helpful  lo  the  student,  aa  they 

book;  he  has  giren  na  so  much  nev   graphically     carir     to    the    mind, 

matirr  and  rewritten  »o  much  of  ihe  througli  tlie  pjc.  detail  in  technique 

old  tliHt  it  is  practically  a  new  work.  1  tliat  ii  impoHsible  to  underaland  aud 

All  of  the   dmwingt  and  colored 'appreeiafe  from  text, —  Thr  Jimntnl 

plaletnre  lH-BUliful;  but,  whatisof  jo/ fA«  American    Medical   Aaioeia- 

mora  importance,  Ibey  art'  pmclical  iffOR. 

DUNOMSON  (ROBt.Ey).   A   DICTIONARY  OF  MEDICAL  SCI- 
ENCE.   Coutaiuitig  a  filll  explanation  ot  the  various  aubjecls  and 
terms  of  Anatomy,  Physiology,  Medical  Chemistry,  Pharmacy,  Pliar- 
roacology,  Therapeutlca,  Memoine,  Hygiene,  Diclctios,  PathoWy,  Sur- 
gery, Opiithalmology,  Olology,  Laryn^logy,  Dermalology,  Gyneool- 
iwy.  Obatetrica,  Pediatrica,  Medical  Juruprudence,  Dentiatry,  eto.,eU!. 
By  RoBLsr  Dcnolibon,  M.  D.,  LL.  D.,  lale  Prolesaar  or  Inititntei 
c^Medicine  in  IheJcBersDn  Medical  College  of  Philadelphia.  Edited 
I^BiCHAHD  J,DliHausoN,A,  H.,M.D.  Twenlv-B«ooadedition,lliDr- 
oughly  revised  and  grcaUy  enlarged  and  improved,  oith  the  Pronuncia- 
tion, AcoentuatloD  and  Derivation  of  the  Terms.     With  Appendix, 
in  one  magnifieent  imperial  octavo  volume  of  1330  pages,  wilh  thumb 
index.    Cinth,  $7.00,  Net;  Icalher,  fS.OO,  JVeT.    This  edition  contains 
portrait  of  Dr.  Dunglimn. 
Covering  the  entire  Geld  of  niedi- 1      PronoDCialion  is  indicated  by  the 
cine,   surgery    and    the    coUnteral    phonetic  lyatem.  The  definitions  ars 
seiencwa,    its    range    of   usefulneaE  ]  unusually  clear  and  concise.    The 
run  seareely  he  meuanred.—Afnli'm/    book  is  whullv  ttnlisfactory.     "  ' 
Kreord,  itn<ly  Medical  hTcigaiine. 
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DUNHAM  (EDWARD  K.).  MORBID  AND  NORMAL  HIS- 
TOLOGY.   Octavo,  450  page»,with  363  illustrations.  Cloth,  $3.25,  net. 

The  best  one-volurae  text  or  refer-  I  of  published  in  America. —  Virginia 
ence  book  on  histology  that  we  know  »  Medical  Semi-Monthly. 

DUNHAM  (EDWARD  K.)  NORMAL  HISTOLOGY.  Second  edition. 
Octavo,  319  pages,  with  244  illustrations.    Cloth,  $2.50,  net, 

ECKIjEY  (WILLIAM  T.).  A  GUIDE  TO  DISSECTION  OF  THE 
HUMAN  BODY.  Octavo,  400  pages,  220  illustrations  in  black  and 
col<»r8.     Cloth,  $3.50  net. 

All  exceedingly  useful  hand-book  |  and  the  text  plain  and  concise.    We 
for  the  student,  prepared  to  be  used  I  regard  it  as  a  most  excellent  book, 
in  connection  witn  the  most  popular    NaskvUle  Journal  of  Medicine  and 
textbooks  of  the   day,  (iray  and   Surgery. 
<rerrish     Tnc  arrangement  is  good 

ECKLEY  (WILLIAM  T.).  REGIONAL  ANATOMY  OF  THE 
HEADAND  NECK.  Octavo,  240  pages,  with  36  engravings  and 
20  plates  in  black  and  colors.    Cloth,  $2  50,  net. 

A  most  excellent  work  of  especial  j  that  chapter.  The  engravings,  and 
interest  to  the  dentist.  It  is  seldom  >  especially  the  colorea  plates,  are 
one  sees  a  book  so  well  arranged  and  I  fine  and  if  the  student  cannot  get  a 
so  conciselv  written  as  this  one.  At  .correct  understanding  from  their 
the  end  o/ each  chapter  quiz  ques-  i  study  it  must  certainly  be  his  own 
tions  are  given  covering  the  text  in    fault. — The  Dental  Sunnnari/. 

EDES  (ROBERT  T.).  TEXTBOOK  OF  THERAPEUTICS  AND 
MATERIA  MEDICA.  In  one  8vo.  volume  of  544  pages.  Cloth,  $3.50. 

EDIS  (ARTHUR  W.).  DISEASES  OF  WOMEN.  A  Manual  for 
Students  and  Practitioners.  In  one  handsome  8vo.  volume  of  576  pages, 
with  148  engravings.    Cloth,  $3. 

EGBERT  (SENECA).  A  MANUAL  OF  HYGIENE  AND  SANI- 
TATION. Second  edition.  In  one  12mo.  volume  of  427  pages, 
with  77  illustrations.     Cloth,  net^  $2.25. 

It  is  written  in  plain  language,  |  ligence.  The  writer  has  adapted  it 
and,  while  primarily  designed  for  to  American  conditions,  and  his 
physicians,  it  can  b>e  studied  with  |  suggestions  are,  above  all,  practical, 
profit  by  any  one  of  ordinary  intel-  i  — The  New  York  Medical  Journal. 

ELLIS  (GEORGE  VINER).  DEMONSTRATIONS  IN  ANATOMY. 
Eighth  edition.  Octavo,  716  pages,  with  249  engravings.  Cloth, 
$4.25 ;  leather,  $5.25. 

EMMET  (THOMAS  ADDIS).  THE  PRINCIPLES  AND  PRAC- 
TICE OF  GYNAECOLOGY.  Third  edition.  Octavo,  880  pages,  with 
150  original  engravings.     Cloth,  $5 ;  leather,  $6. 

ERICHSEN  (JOHN  E.).  THE  SCIENCE  AND  ART  OF  SUR- 
GERY. Eighth  edition.  In  two  large  octavo  volumes  oontaining 
2316  pages,  with  984  engravings.    Cloth,  $9 ;  leather,  $11. 

ESSIG  (CHARLES  J.).   PROSTHETIC  DENTISTRY.  See  American 

Te^t-Books  (tf  Dentistry  J  page  2. 
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EVANS  (I>AVID  J.).    A  POCKKT  TEXT-BOOK  OF  OBSTETRICS. 

In  one  handsome  12ino.  voliinu'  of  400  pages,  with  14S  illustrations, 
(^loth,  $1.75,  Nef :  limp  leather,  $2.25,  net.  Lea^s  Serirs  of  Pocket 
Text-books,  edited  by  Bkiin  B.  Gallaudkt,  M.D.  See  p  18. 


Written  for  the  medical  student 
and  practitioner  by  one  whose*  ex- 
perience, both  clinical  arnl  teuchintr, 


It  isconi|N'ndiou8,  concise  and  readi- 
ly intelligible,  giving  the  essentials 
of  its  subject  in   its  icnost  modern 


has  specially  fitted  him  for  the  task.  |  nv,\niQi.—I ndiana  Mvdieal  Journai, 

E WING  (JAMES)  ON  THE  BLOOD  AND  ITS  DISEASES.  Hand- 
some  octavo,  423  pages,  28  engravings,  14  colored  plates.  Cloth, 
$;^.50,  net. 

The    book    sums   up    practicallv  \  of  hematology,  but  also  as  a  work  rf 
everything    of  importance  that    is  i  n*ference  on  the  pathology  of  the 
known  concerning    blood   diseases.  I  blood. — Hoston  Medical atid  Surgical 
The  work  should  be  of  great  value,  ^Journal. 
not  only  as  a  manual  for  students  j 

EXAMINATION  SERIES  (STATE  BOARJ>:,  see  page  26. 

PARQITHARSON  (ROBERT).    A  GUIDE  TO  TUERAPEUTICS. 

Fourth   American    from  fimrth  English  edition,  revised  by  FRANK 
Woodbury,  M.  D.    In  one  12mo.  volume  of  581  pages.    Cloth,  $2.50. 

FIELD  (GEORGE  P.).  A  MANUAL  OF  DISEASES  OF  THE 
E.\Il.  Fourth  e<lition.  In  one  octavo  volume  of  391  pages,  with  73 
engravings  and  21  colontl  plates.      Cloth,  $3.75. 

FINDLEY  (PAIiMER  !>.).  A  TREATISE  ON  GYNECOLOGI- 
CAL DIAGNOSIS.  Octavo,  4tKi  pagtrs,  210  engravings,  45  p'ate^. 
in  idack  and  colors.     Cloth,  $4  50;  leather,  $5.50,  int.    .fust  ready. 

Medical  literatun*  in  the  English  |  n  u  i  re  men  ts  of  those  who  have 
lancnagc  has  not  bitherlo  included  |  Mi  the  nec<l  of  more  comprehensive 
a  work  on  thisKubject.  In  the  effort '  and  pnictical  information  than  can 
to  supply  this  desideratum  the '  1k«  given  in  the  geae;al  text-books 
author  has  ainii>tl  to  satisfy  the  re- ;  on  gyiiec(»logy. 

PLiINT  (AUSTIN).  A  TREATISE  ON  THE  PRINCIPLES  AND 
PRACTICE  OF  MEDICINE.  Seventh  edition,  thoroughly  revised 
by  FKKDKRirK  P.  Hk.nky.  M  D.  In  one  large  8 vo.  volume  of  1143 
]mges,  with  engnivings.     Cloth.  $5.00;  leather,  $(>.00. 

The  work  has  well  earned  itslejul-  The  bt^st  of  Americjin  text-books 
ing  place  in  medical  literature. —  on  Practice. — Amer. Medico-Surgical 
Medical  Record.  Bulletin. 

FlilNT  fAUSTINK  A  PRACTICAL  TREATISE  ON  THE  DIAG- 
XOSIS  AND  TREATMENT  OF  DISEASES  OF  THE  HEART. 
Second  eiiition  enlarged.    In  one  octavo  volume  of  550  i>ages.    Cloth,  $4. 

FLINT  (AUSTIN).  ON  PHTHISIS:  ITS  MORBID  ANATOMY, 
ETIOLOGY,  ETC.  A  Series  of  Clinical  Lectures.  8vo.  442  pages- 
Cloth.  $.3..50. 

FOliSOM  (C.  F.).  STATUTES  OF  U.  S.  ON  (n\STODY  OF  THE 
INSANE.  Svo..  lOS  |>ai:eH.  Clotb,  $1.50.  \\\{\\  (Honttton  on  Mentul 
])iAfti9es,  $5.(M),  litf,  for  llu'  two  \v<uk<. 

FOR.MUIiARY,  POCKET,  str  pji-r    JJ. 
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FOSTER  (MICHAEIi).  A  TEXTBOOK  OF  PHYSIOLOGY.  Sixth 
and  revised  Amcricau  fn)m  the  sixth  English  edition.  In  one  large 
octavo  volume  of  923  pj).,  with  257  ilius.    Cloth,  $4.50;  leather,  $5.50. 

Unquestionably  the  best  book  that  1  busy  physician  it  can  scarcely  be 
can  be  placed  in  the  student's  hands,  |  excelled. — ThePhila.  Polyclinic. 
and  as  a  work  of  reference  for  the  i 

POTHERGILIj  (J.  MILNER).  THE  PRACTITIONER'S  HAND- 
BOOK OF  TREATMENT.  Third  edition.  In  one  handsome  octavo 
volume  of  664  pages.    Cloth,  $3.75 ;  leather,  $4.75. 

FOWNES  (GEORGE).  A  MANUAL  OF  ELEMENTARY  CHEM- 
ISTRY (INORGANIC  AND  ORGANIC).  Twelfth  edition.  Em- 
bodying Watts*  Physical  and  Inorganic  Chemistry,  12mo.,  1061 
pages,  168  engravings,  and  1  colored  plate.    Cloth,  $2.75 ;  leather,  $3.25. 

FRANKIiAND  (E.)  AND  JAPP  (F.  R.).  INORGANIC  CHEMISTRY. 
In  one  handsome  octavo  volume  of  677  pages,  with  51  engravings  and 
2  plates.    Cloth,  $3.75 ;  leather,  $4.75. 

FULLER  (EUGENE).  DISORDERS  OF  THE  SEXUAL  OR- 
GANS IN  THE  MALE.  In  one  very  handsome  octavo  volume  of 
238  pages,  with  25  engravings  and  8  full-page  plates.     Cloth,  $2. 


The  book  is  valuable  and  instruc- 
tive and  brings  views  of  sound 
pathology  and  rational  treatment  to 
many  cases  of  sexual  disturbance  j 


whose  treatment  has  been  too  often 
fruitless  for  good.  —  Annals  of 
Surgery. 


GAL.LAUDET  (KERN  B.).  A  POCKET  TEXT-BOOK  ON  SUR- 
GFiRY.  In  one  handsome  12mo.  volume  of  about  400  pages,  with  many 
illustrations    Shortly.  Lea^s  Series  of  Pocket  Text-books.    See  page  18. 

GANT  (FREDERICK  JAMES).  THE  STUDENT'S  SURGERY.  A 
Multum  in  Parvo.  In  one  square  octavo  volume  of  845  pages,  with 
159  engravings.    Cloth,  $3.75. 

GAYTiORD  (HARVEY  R.)  and  ASCHOFF  (L.UDWIG).    THE 

PRINCIPLES  OF  PATHOLOGICAL  HISTOLOGY.  With  an  in- 
troductory note  by  William  II.  Wel(^h,  M.  D.  Quarto,  354  pages, 
with  81  engravings  and  40  full-page  plates.     Cloth,  $7.50,  net. 

Admirably  arranged  and  beauti-  tion  of  a  work  which  should  be  in 
fully  illustrated.  The  authors  are  thehandsof  every  student  of  morbid 
to  be  congratulated  on  the  produc-    liistology. — Loudon  Praclitioncr. 

GERRISH  (FREDERIC  H.).  A  TEXT-BOOK  OF  ANATOMY. 
By  American  Authors.  Edited  by  Frederic  H.  Gerrish,  M.  D.  Second 
Edition.  In  one  imp.  octavo  volume  of  937  pages,  with  1003  illustra- 
tions in  black  and  colors.  Cloth,  $(5.50;  leather,  $7.50,  net;  half 
Morocco,  $8.00,  net. 

The  illustrations  far  outnumber  The  text  is  accurate,  concise^  and 
and  exceed  in  size  and  in  profusion  '  gives  the  essentials  of  descriptive 
of  colors  those  in  any  previous  work  ;  anatomy  with  less  waste  of  words  and 
and  they  can  woll  claim  to  be  the  better  enipha>i8  of  important  points 
most  successful  series  of  aiiatomienl  ihan  any  similar  text-book  with 
pictures  in  liie  worlil.— 7'/*f  Amcri- .  which  we  are  (iinnVmr.—  The  Boston 
call  Practitioner  and  News.  ,  Medical  and  Surtjical  Journal. 


IS       IiBA  BBOTHKB0  &  OO.,  PRILADKLPKIA  AMD  NKW  TdsK. 


(JBAV    (HENRY),      ANATOMY,   DESCRIPTIVE    AND   8UBGI- 

CAL.     New  firWnCh   ediliun  Ihur(iii|.']ily  ruTised.     Id  one  imperial 
••ctavo  voUiuii;  of  1249  pngra,  wilh  780  Jorge  siid  elsliorile  engrav- 
ing!.   Pricv  with  itluatretioDS  in  coIots,  clurh,  (6.25,  n^f,-  leather, 
{r.35,  mel.    Price,  with  illaitrationi  in  black,  cloth,  15.60:  l^alher, 
8.60,  nel. 
ThU   ia   the  bett  single  Tolanie  |     The  mo«t  lareel;  uied  analoniical 
upon    ADstom^     in     the     Engligb  I  lext-bool:  published  in  the  Eogliah 
iangattg^.— Uiiivtrtitg  Sttdieal  Mag-    laiiguaMC. — AnnaU  of  Surgerj/. 
aii'iC.  Graj/i  A  iiatomi/  sHordH  the  Muden  t 

noldB  first  place  in  the  esleem  of  more  satiBfaotion  thRn  any  other 
both  teachera  and  Btudentg.—T*(  '  ireBlise  with  which  wean  familinr. 
BroBkljfn  Medical  Journat.  <  —Buffdta  Med.  Jotn-Hat. 

GRAYSON   (CHARIiES    P.).      DISEASES   OP  THE  THROAT, 
NOSE.  AND  Aa3f)CIATED  AFFECTIONS  OF  THE   EAR.    In 
one  haiidaoQie  octavo  volume  ol  S4S  paiiea,  with  IS!)  engravinga  and 
S  [ilat«a  In  tolura  and  monochrouie,    Clolh,  Kt.6(),  tu4. 
It  it   a   praclloal  book,  telHiiK.  '  and  it  ii  pro|>artioaately  vsluabla. 
"  not  only  what  to  do,  hut  how  (o  do  i  The  boolc  i>  well  written  iind  is  s 
it."  Under  "Treatment,"  the  author  |  serviceable  and  practical  addition  lo 
ia  very  evidenll^r  and  sincerely  giv- 1  the  literature  of  the  Bubjeeta  treated. 
tng,   not   oouipilfttiona  from    oflier    — Mtdiail  Ricord. 
men's  work,  but  bisowneiperif^noeti, 

GREEN  (T.  HKNRY).    PATHOLOOY  AND  MORBID  ANATOMY 
Ninth  edition.    In  one  handsome  octavo  ralurae  of  67T  pages,  Willi 
339  eugravingE  and  4  colored  pUles.     Cloth,  $3,26,  ntt. 
The  work  is  an  euential  to  the .  date  teit-books.—  Virginiix  Mtiitl 
practitioner — whether  ai  inrjfcon  or   Monthly. 
pbylioiaa.    It  ia  the  beat  of  up-lo-j 
OREENG  (WUJjIAM  H.).    A  MANUAL  OF  MEDICAL  CHEM: 


GROSS  ISAMnELi  DO.  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES, INJURIES  AND  MALFORMATIONS  OFTHE  URINARY 
BLADDER,  THE  PROSTATE  GLAND  AND  THE  URETHRA. 
Third  ediUon.   Octavo,  574  pages,  with  170  illuBtnilioos   Cloth,  (4.60. 

ORINDON   fJOSEPU).      A    POCKET    TEXT-BOOK    OF    SKIN 
DISEASES.     lu  one  hnadsome  tlmo.  voluing  of  3liT  puKHi,  wilh  39 
illustrutioDi.    Cloth,  (2.00;   flexible  leather,  13..W,  not.    Ltat  SrrU* 
of  Pocket   Tejrl-book$,  edited  by  Bf.rn  B.  Gai.laudrt,  U.  D,    Bee 
page  18. 
A  ooinpcndioiu  and   trnatworlhy  i  tology.    Abb  therapeutic  adviser  fur 
guide  book  for  Ibe  practitioner  in   tiie  doetor  it  i*  replete  with  direo- 
wcU    as    student,   eiubodf  ine    the  |  lione  and   vahiublc  farm n lie. —I'/h 
most  recent  devalopmente  in  derma-  ,  Vn,  Mrdifal  Semi-MoRlhli/. 
GlIBNTHERlA.  E.ASItT.r.).    AN  EPlT<»HEOF  I'H  VSIOIXKIV. 
12mo,  225  pHges,  .lUialrateil.    Clolh,  (I.INi,  i-t.     Lra't  .SurrW  »/  .t/rdi- 
l-al  Eiiilnme«.     See  |<ngt-  \H. 
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HALIj  (WINFIELD  8.).  TEXT- BOOK  OF  PHYSIOLOGY.  Octavo 
of  672  pagea,  with  343  engravings,  and  6  full  page  colored  plates. 
"   Cloth,  HOO;  leather,  $5.00,  iM^. 


The  clearness  with  which 
physiological  facts  are  demonstrated 
makes  it  of  special  value  to  the 
medical  student.     The    science   of 


of  which  needs  to  be  more  strongly 
impressed  upon  students  A  book 
which  makes  this  so  easily  possible 
is  to  be  highly  commended. —  Wett- 


physiology  is  one,  the  importance  ;  em  Medical  Review, 

HAMILiTON  ( AliLiAN  MCliANB).  NERVOUS  DISEASES.  THEIR 
DESCRIPTION  AND  TREATMENT.  Second  and  revised  edition. 
In  one  octavo  volume  of  598  pages,  with  72  engrayings.    Cloth,  $4. 

HARD  AWAY  (W.  A.).  MANUAL  OF  SKIN  DISEASES.  Second 
edition.  In  one  12mo.  volume  of  560  pages,  with  40  illustrations  and 
2  plates.    Cloth,  $2.25,  net. 

The  best  of  all  the  small  books  to  j  day  clinical  experience.    His  great 


recommend  to  students  and  practi 
tioners.    Probably  no  one   of  our 
dermatologists  has  had  a  wider  every- 


streng[th  is  in  diagnosis,  descriptions 
of  lesions  and  especially  in  treat- 
ment.— Indiarui  Medical  Journal, 


HARE  (HOBART  AMORY).  PRACTICAL  DIAGNOSIS.  THE 
USE  OF  SYMPTOMS  IN  THE  DIAGNOSIS  OF  DISEASE.  Fifth 
edition.  In  one  octavo  volume  of  727  pages,  with '236  engravings 
and  2')  full-page  colored  plates.  Cloth,  $5.00,  net;  leather,  $6.00, 
net ;  half  Morocco,  $6.50,  net. 


It  is  unique  in  many  respects,  and 
the  author  has  introduced  radical 
changes  which  will  be  welcomed  by 
all.  Anyone  who  reads  this  book 
will  become  a  more  acute  observer, 
will  pay  more  attention  to  the  simple 
yet  inaicative  signs  of  disease,  and 


he  will  become  a  better  diagnosti- 
cian. This  is  a  companion  to  Prac- 
tical Therapeutics,  bv  the  same 
author,  and  it  is  difficult  to  conceive 
of  any  two  works  of  greater  practical 
utility. — Medical  Rwitw, 


HARE  (HOBART  AMORY).  A  TEXT-BOOK  OF  PRACTICAL 
THERAPEUTICS,  with  Special  Reference  to  the  Application  of  Reme- 
dial Measures  to  Disease  and  their  Employment  upon  a  Rational 
Basis.  With  articles  on  various  subjects  by  well-known  specialists. 
Ninth  and  revised  edition.  In  one  octavo  volume  of  851  pases, 
with  105  engravings  and  4  colored  plates.  Cloth,  $4.00,  net;  leather, 
$5.00,  net ;  half  Morocco,  $5.50,  net. 


Its  classifications  are  inimitable, 
and  the  readiness  with  which  any- 
thing can  be  found  is  the  most  won- 
derful achievement  of  the  art  of  in- 
dexing. This  edition  takes  in  all 
the  latest  discovered  remedies. — 
The  St.  Louii  CHnique. 

The  great  value  of  the  work  lies 
in  the  fact  that  precise  indications 
for  administration  are  given.  A 
complete  index  of  diseases  and 
remedies  makes  it  an  easy  reference 
work.    It  has  been  arranged  so  that 


it  can  be  readily  used  in  connection 
with  Hare's  Practical  Diagnotis, 
For  the  needs  of  the  student  aad 
general  practitioner  it  has  no  equal. 
— Medical  Sentinel. 

The  best  planned  therapeutic  work 
of  the  century. — American  Prac- 
titioner and  News. 

It  is  a  book  precisely  adapted  to 

the  needs  of  the  bus^  practitioner, 

who  can  rely  upon  nnaing  exactly 

what  he  neeos. — The  National  Mea- 

1  ical  Review, 
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HARE'S  SYSTEM  OF  PRACTICAL  THERAPEUTICS.    In  a  series 

of  contributions  by  eniiiient  practitioners.    Second  edition.    In  three 

lar^e  octavo  volumes  containing  2593  pages,  with  457  engravings 

andf  26  full-page  plates.    Price  per  volume,  cloth,  $5.00;    leather, 

$6.00;  half  morocco,   $7.00.    Full  prospectus  free  on  application. 

For  sale  by  subscription  only. 

The  Hare's  Si/sUm  of  ten  years  known  editor  constantly  presents,  is 

ago  will  hardly  be  recognizeii   in  '  the  every  day  workability  of  treat- 

t his  new  edition,  so  complete  are  the   ments    advocated.      Here    are    no 

changes,  so  extended  the  disserta- j  lengthy     theoretical     dissertations 

tion  and  so  complete  the  re-dress. '  largely  pad<led  by  quotations  from 

The  additions  alone  are  sufficient  to  -  European  authors,  but  concise,  prac- 

make  a  new  volume.    The  choice  of  tical  rules  that  can  be  made  to  fit 

subjects  is  wide  and  the  names  of  ^  present-day  needs.      What,    why 

the  authors  are  a  sufficient  guaran-  and  HOW  are  the  questions  with  ref- 

tee  of  the  character  of  the  mode  of  i  erence  to  the  use  of  drugs  that  the 

treatment.     The  dominant    feature  authors   answer  —  particularly    the 

of  the    work,  one    that    the    well- '  HOW. — Medical  Netcs. 

HARE  (HOBAUT  AMORY)  ON  THE  MEDICAL  COMPLICA- 
TIONS  AND  8EQUEL.E  OF  TYPHOID  FEVER.  Octavo,  276 
pages,  21  engravings  and  two  full- page  plates.     Cloth,  $2.40,  net. 

A  very  valuable  production.   One    read  with  great  profit. —  Cleveland 
of  the   very   best    products  of   Dr.    Journal  of  Medicine. 
Ilare  an<i  t)nc  that  every  man  can  ' 

HARRIN(;T<>\  (CHARLKS).     rUACTICAL  HY(iIENE.     Second 

edition.     Handsome   octavo,    75"»  I>aj,'es,    ll.'i   engravings,  12   ]>late8. 

AW,  $1.25. 

This  hook  is  )»y  far  the  best  work-    at  theHaiiie  time  isperfectly  familiar 

ini;  maiiual  of  practical  hygiene  that    with  allied  hranchcs,  which  are  so 

has    yet    appeared    in    the    En^'lish    necessary  for  a  full  comprehension 

languaire.      The   suhject  is  han<lh'(i    of  the  broad  sul>ject  treate<l.    It  is 

exceetlinu'ly  wtll,  and  sliows  that  its    thorou^^'hly    U|)   to   date. — InUrstntc 

author  is  a  practical  liytcienist,  and    Mnhnil  J ournal. 

HARTSHORNE  (HENRY).  A  HANDBOOK  OF  ANATOMY 
AND  PHYSIOLOGY.  In  one  12mo.  volume  of  310  pages,  with  220 
engravings.     Cloth,  $1.75. 

A  CONSPECTUS  OF  THE  MEDICAL  SCIENCES.    Comprising 

Manuals  of  Anatomy,  Physi(»logy,  Chemistry,  Materia  Medica,  Prac- 
tice of  Medicine,  Surgerv  and  Obstetrics.  Second  editicm.  In  one  royal 
12mo.  vol.  of  inl>8  pages,'  with  477  illus.     Cloth,  $4.25 ;  leather,  $5. 

HAYDEX  (JAMES  R.).  A  PoCKET  TEXTBOOK  OF  VENER- 
EAL DISKASIOS.  Third  edition.  In  one  12mo.  volume  of  304 
paires,  witli  «»♦;  engravings.  Cloth,  $1.75,  )i(t.  Flexible  leather, 
$2.' 2.".,  nrt. 

It  is  well  written,  up  to  date,  and 
will  be   found  very    useful. — Inter- 


It  is  practical,  concise,  definite 
an<l  of  sutlicit'nt  fulness  to  be  satis- 
factory.--CA/r'/<70   Clinical  Review. 


national  Medical  Magazine. 


HAYEM  (GEORGES)  AND  HARE  (H.  A.).  PHYSICAL  AND 
NATURAL  THERAPEUTICS.  The  Remedial  Use  of  Heat,  Elec- 
tricity, Modifications  of  Atmospheric  Pressure,  (^li mates  and  Mineral 
WattVs.  Edited  by  Prof.  H.  A.  Hark,  M.  D.  In  one  octavo  volume 
of  414  page8,with  113  engravings.     Cloth,  $3. 
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HERMAN  (O.  ERNEST).  FIRST  LINES  IN  MIDWIFERY.  In 
one  12mo.  vol.  of  198  pages,  with  80  engraviugs.  Cloth,  $1.25.  See 
Student^i  Series  of  ManuaUj  page  27. 

HERMANN  (L.).  EXPERIMENTAL  PHARMACOLOGY.  A  Hand- 
book of  the  Methods  for  Determining  the  Physiolojrical  Actions  of 
Drugs.  Translated  by  Robert  Meade  Smith,  M.  D.  In  one  12n]o. 
volume  ot  199  pages,  with  32  engraTings.    Cloth,  $1.50. 

HERRICK  (JAMES  B.).  A  HANDBOOK  OF  DIAGNOSIS.  In 
one  handsome  12mo.  volume  of  429  pages,  with  80  engravings  and  2 
colored  plates.    Cloth,  $2.50. 

We  commend  the  book  not  only  to 
the  undergraduate,  but  also  to  the 
physician  who  desires  a  ready  means 
of  refreshing  his  knowledge  of  diag- 
nosin  in  the  exigencies  of  professional 
life. — Memphis  Medical  Monthly. 


Excellently  arranged,  practical, 
concise,  up-to-date,  and  eminently 
well  fitted  tor  the  use  of  the  prac- 
titioner as  well  as  of  the  student.-  • 
Chicago  Med.  Recorder. 


HERTER   (C.   A.).     LECTURES  ON  CHEMICAL  PATHOLOGY. 
In  one  12mo.,  volume  of  454  pages.     Cloth,  $1.75,  net. 

The  lectures  are  most  attractively  of  drj*  tlata,  but  is  constantly  stimu- 
written.  There  is  no  mere  recital  of  j  lated'to  onuimil  thought.  It  is  just 
laboratory  facts,  but  a  nice  balance   the   book   which    the    professur    ot 


i)etween  experiments,  clinical  obser- 
vation and  theory.  As  a  result  the 
reader  feels  that  he  is  in  a  posit'on 
to  <lr:iw  liis  own  conclusions.  The 
mind  is  not  worn  out  with  the  recitail 


clinical  niedicincreifuires,  and  which 
all  students  of  uifdicine,  old  or 
younj^ should  possess. —  lioston  Mrd- 
iral  and  Surfiirnl  J ntirtml. 


HILL  (BERKELEY).  SYPHILIS  AND  LOCAL  CONTAGIOUS 
DISORDERS.     In  one  8vo.  volume  of  479  pages.     Cloth,  $3.25. 

HILLIER  (THOMAS).  A  HANDBOOK  OF  SKIN  DISEASES. 
Second  edition.  In  one  royal  12mo.  volume  of  353  pages,  with  two 
[)lates.    Cloth,  $2.25. 

HIRST  (BARTON  C.)  AND  PIERSOL  (GEORGE  A.).  HUMAN 
MONSTROSITIES.  Magnificent  folio,  containing  220  pages  of  text 
and  illustrated  with  123  engravings  and  39  large  photographic  plates 
from  nature.  In  four  parts,  price  each,  $5. 

HOBLYN  (RICHARD  D.).     A   DICTIONARY   OF  THE  TERMS 

USED  IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES. 
Thirteenth  edition.  In  one  12mo.  volume  of  845  pages.  Cloth, 
$3.00,  vet. 


Tliis  is  a  volume  of  almost  9<H) 
pages,  printed  in  ea.sily-reiul  type, 
and  is  fully  u|)  to  date,  embracini?, 
pnictically  all  the  terms.    The  fact 


that  it  has  «xone  through  12  editions 
is  an  evidence  that  the  medieal  pro- 
fession has  found  it  meets  tlittir 
wants. — Caiuida  Medical  Record. 


HOLMES  (TIMOTHY).  A  TREATISE  ON  SURGERY.  Its  Prin- 
ci  plea  and  Practice.  Fifth  edition.  Edited  by  T.  PICKERING  Pick - 
F.R.C.S.  In  one  handsome  octavo  volume  of  1008  pages,  with  428  en* 
gravmgs.    Cloth,  $6;  leather,  $7. 
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HOI.»IKS(TIM(yrHVi.   A  SYSTEM  OF  SURGERY.  With  uoM  Kid" 
■ddiUona  b;  TftHoiu  American Milhora.   Ediicd  bj  John  II.  Fackakd, 
M.D.  lolbree  Svo.  voliiniH oontAinlog 3137  pages,  with 979 engnviiigi 
and  13  plates.    Per  volume,  doth,  #6  ;  leather,  tT. 

HCNTINCTON  (OKOItaB  8.)-  A  TBEATISE  ON  AiiDOMINAL 
ANATOMY.  Quario,  5H0pn);ea  inoluding  300  rull-puee  pUlea  in 
black  8ud  colors,  iioiit^nin^  582  figures.     De  luxe  biumug,  (10.00, 

The  myslErius  of  Ihe  Piiritoneum  hitherto  difficult  and  aomplicnl«l 
mill  Abdutainal  CHTitj  purtiouliirlr  uior|>hologiclJ  prohleou  pn.'geDt«l 
uiincern  oiiutiiniiita,  eiirgeonB,  gyue-  <  by  these  regions.  The  lionk  is 
eulogist"  and  obstetric iiinti,  and  lu- '  unii[ue  iu  ila  mnrrellous  weaKli  of 
lerest  the  ueDtml  prnclilioner  to  a  illuBtrations,  araountmg  practically 
degree  scanwly  leu.  Thii  oompre-  lo  m  Atlas,  wiib  Tull  e^iplBnalory 
phGtisive  and  sulboritative  work  will  text.  The  atructursl  details  or  tbe 
thetvnjie  a|i|>ml  to  an  unusually  Human  Ctecum  and  Appendix  are 
wide  oonatitupiioy  of  readers.  Dr.  considered  very  ftitly  by  niasuD  ot 
lluntiiiffl'm  lius  approached  the  the  ei tensive  mHleriul  aruilalile and 
subject  lu  the  light  thrown  upon  it  the  pammuunt  clinioul  imporlanw 
liy  embrydoj^y  and  oomparatLve  I  of  th«Bc  sultjrcts. 
anatomy,     thereby     clarifpng     the  i 

HTDE  (JAMES  KEVINS)  AND   MONTGOMERY  (F.  B 

PRACTICAL  TREATISE  ON  DXBEASES  OF  THE  SKIS.    L  .   _. 
editiua.  ihorouehly  revised.     Octavo,  633  pages,  with   107  engnv- 
iugs  and  27  full-page  platea,  9  of  which  are  colored.    ClDth,t4.ao,  »tti 
leather,  $3.50,  net;  half  Morooeo,  W.OO,  ntl. 
This  edition  has  been  carefully  re-    culciited  thronghout  Is  sound  as  well 
viaed,  and  every  real  advance  has  '  as  practical. — Tlit  Antriean   ■ —- ^ 
been  recogulxed.    The  work  answers  I  nalof  the  Mtdieal  Seienoti, 
thentedaofthegeneralpnicUtioner,       jt  jg  the  beat   one-volonia  w 
the»pecialiBt,and  thestudent.— Tne   that  we  )tooii —  Virginia  I~  ' 
Ohio  Mtd.  Jour.  _  .Semi-MotUlUs.  ' 

A   treatise  of  exceptional    merit       A  full  and  thoroughly 
characleriied  by  eanui'>utioua  care   teitrbook    on    dermatology.  - 
and    Kieutifio   aeouraoy.  —  Buffalo   Piiuburg  iUdicat  Rtview. 
Med.  Journal.  The  most  praotieal  handbook  » 

A  complete  cipositiou  of  our  dcnnatulogy  with  which  we  an*  ■ 
knowledge  of  cutaneous  medicine  as  I  ([uaiulcd.  —  Chicago  tteditai  . 
it  exiala  to-dny.    The  teaching  in- 1  cordcr. 

JACKSON  iOFjyttaE  THOHA81.    THE   READY-REFERENOl 

HANDBOOK  OF  DISEASES  OF   THE   SKIN.    Fourth  editfT 

In  one  12mo.  volume  of  CI?  pages,  with  83  illustrations  and  S  aolu 

plates.    Cloth.  »2.T5,  ntt. 

Asa  Btudent'l  manual,  it  may  he  i     Williout  doubt  forms  one  of  d 

considered  beyond  eritieism.     The  |  best  suidcs  for  the  beginner  in  or 

book  is  singiilnrly  full.— Si,  Zoiiit   inuliilogy  llmt  is  in  be  found  in  ll 

SMical  andSnrgtral  Journal.  \  Eiigli»h  langusge.— Jfnfiriiw. 

JAMtESOIV  (W.  AUiAS).    DISEASES   OF   THE   SKIN. 

edition,    In  one  octavo  Tolame  ot  6M  pagn,  with  1  sngimviiif  U^l 
duubltoage  ehromo-IIthagnphl«  plM«i.    Cloth,  te. 
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JEWKTT  (CHARIiESj.  ESSENTIALS  OF  OBSTETRICS.  Second 
edition.  In  one  12mo.  volume  of  385  pages,  with  80  engravings  and 
r>  colored  plates.    Cloth,  $2.25. 


An  exceedingly  useful  manual  for 
student  and  practitioner.  The  au- 
thor has  succeeded  unusually  well 
in  condensing  the  text  and  in  arrang- 

.IKWETT    (CHARLES).      THE 

Second  edition.  By  American 
445  engraving  in  black  and 
plates.  Cloth,  $5.00,  net ;  leather, 

A  clear  and  practical  treatise  upon 
obstetrics  by  well-known  teachers  of 
the  subject.     A  special    feature  of, 
this  work  would   seem    to    be   the 
excellent  illustrations    with  which 


ing  it  in  attractive  and  easilv  tangi- 
ble form.  The  book  is  well  illus- 
trated throughout. — Nashville  Jour, 
of  Medicine  and  Surgery, 

PRACTICE   OF   OBSTETRICS. 

Authors.    Octavo,  775  pages,  with 

colors,    and    35    full-page   colored 

$6.00,  net ;  half  Morococ,  $6.50,  iift, 

the  book  abounds.  The  work  is 
sure  to  be  popular  with  medical 
students,  as  well  as  being  of  extreme 
value  to  the  practitioner.  —  The 
Medical  Age, 


Ji 


JUIiER  (HENRY).  A  HANDBOOK  OF  OPHTHALMIC  SCIENCE 
AND  PRACTICE.  Seoond  edition.  In  one  octavo  volume  of  549 
)ages,  with  201  engravings,  17  chromo-lithogranhic  plates,  test-types  of 
Taeger  and  Snellen,  and  Holmgren's  Color-Blindness  Test.  Cloth, 
$5.50 ;  leather,  $6.50. 

RELiLY  (A.  O.  J.).  A  MANUAL  OF  THE  PRACTICE  OF  MEDI- 
CINE.    Octavo  about  600  piges,  illustrated.     Preparing. 

KING  (A.  F.  A.).  A  MANUAL  OF  OBSTETRICS.  Eighth  edition. 
In  one  12mo.  volume  of  612  pages,  with  264  illustrations.  Cloth, 
$2.50,  net. 

From  first  to  finish  it  is  thoroughly    of  nearly  every  fact  of  importance, 
practical,  concise  in  expression,  well 
illustrated,  and  includes  a  statement 


—  Virg^inia  Med.  Semi-Monthly. 


KIRK  (EDWARD  C).  OPERATIVE  DENTISTRY.  See  Ameri- 
can Text-Books  of  Dentittry^  page  2. 

KLEIN  (E.).  ELEMENTS  OF  HISTOLOGY.  Fifth  edition.  In 
one  12mo.  volume  of  606  pages,  with  296  engravings.  Cloth,  $2.00, 
net.    See  Students  Series  of  Manuals,  page  27. 


It  is  the  most  complete  and  con- 
cise work  of  the  kind  that  has  yet 
emanated  from  the  press. — Themed- 
ical  Age. 


This  work  deservedly  occupi^  a 
first  place  as  a  text- book  on  his- 
tology.— Canadian  Practitioner. 


KOPL.IK  (HENRY).  THE  DISEASES  OF  INFANCY  AND 
CHILDHOOD.  Octavo,  675  pages  with  161>  engravings,  and  32 
plates  in  black  and  colors.    Cloth,  $r).00 ;   leather,  .$«>.00,  net. 

(Nrtainly  the  l»efit  book  for  stu-  with  the  treatment,  which  is  not 
dents  we  have  seen  for  some  time,  as  complex,  but  single  and  positive, 
it  is  clear,  concise,  epi^raniniatic  and  '  with  proper  regard  to  dosage,  so 
certain  to  make  an  im])reftsion  on  often  neglected  in  books  ot  this  kind, 
the  mind  (»f  the  reader.  It  is  fully  to  the  detriment  of  the  student. — 
up  to  date.     We  an*  specially  pleased    (^hicngo  Mtdiatl  Record. 

LiANDIS  (HENRY  G.).  THE  MANAGEMENT  OF  LABOR.  In  one 

handsome  12mo.  volume  of  329  pages,  with  28  illus.   Cloth,  $1.76. 
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liEA'S  SKRIFft  OF  POCKKT  TKXTROOKS,  wlitwl  bjr  BERN 
iJ.  (jiAJ.LAUiHiT,  M.  D.  Coveriug  the  entire  fiel  i  of  Medicine  in  a 
series  of  18  very  handsome  12mo.  volumes  of  350-525  puges  each, 
profusely  illustrated.  Conipendious,  clear,  trustworthy  and  modem. 
The  following  volumes  constitute  the  series. 

Collins  and  Rockwell's  Physiology.  Martin  and  Rockwell's  Chem- 
istry and  Physics.  NiriioiJ^  anii  Vale's  Histology  and  Pathology. 
Sciilkif's  Materia  Medica,  Therapeutics,  Medical  Latin,  etc.  Mals* 
ijary's  Practice  of  Medicine.  Potts*  Nervous  and  Mental  Diseases. 
Gallaudet's  Surgery.  Haydkn'S  Ven'I  Diseases.  Grindon's 
Dermatologw  Ballkncjkr  and  Wippern's  Diseases  of  the  Eye,  Ear, 
Throat  ancf  Nose.  Evans'  Obstetrics.  Crockett's  Gynecology. 
TuTTLK's  Diseases  of  Children.  Rockwell's  Anatomy.  Zapffe's 
Bacteriology.    Wick's  Nursing'.     Dia(JNOsis.    MAssA(iE. 

For  sepamte  notices  see  under  various  authors'  names. 

liKA  (HENRY  C).  A  HISTORY  OF  AURICULAR  CONFESSION 
AND  INDULGENCES  IN  THE  LATIN  CHURCH.  In  three 
octavo  volumes  of  about  600  pages  each.     Per  volume,  cloth,  $3.00. 

CHAPTERS  FROM  THE  RELIGIOUS  HISTORY  OF  SPAIN; 

CENSOUSIliP  OF  THE  PRESS;  MYSTICS  AND  ILLUMINA- 
TI  OF  THE  ENDEMONIADAS;  EL  SANTO  NiSO  DE  LA 
GUAUDIA.     llimo.,  522  pages.     Cloth,  $2  50. 

THE    MORISr^oS   OF   SPAIN,   THEIR  CONVERSION   AND 

p:Xi'l'I.SlON.     In   (me    roval    IJiiio.  vohiiiic  of  425  pages.     Ch»th, 

$2.2.".,  net. 

SFPFRSTITION   AND   FORCE;   ESSAYS  ON  THE  WAGER 


OF  LAW,  THE  WAGKll  OF  BATTLE,  THE  ORDEAL  AND 
TORTURE.  Fourth  edition,  thonuighly  revised.  In  one  hand- 
some royal  12nio.  volume  of  ()2})  pages.     Cloth,  $2.75. 

STUDIES  IN  (MIURCII  HISTORY.    The  Ri^e  of  the  Temporal 


Power  -Benefit  (»f  Cleri^y-  Exeommunieation.     New  edition.     In  one 
handsome  12rno.  volume  of  MO.')  pages.     Cloth,  $2.50. 

liF.A'S  Si:iili:S  or  MFJUCAL  1:PIT0MKS  Covering  the  en 
tirt'  tieM  of  niedioiiie  and  surgery  in  twenty  (U)nvenient  volumes  of 
ahoiit  2.'>ii  ]>'M:r>  each,  amply  illustrated  and  written  by  prominent 
teachers  an<l  specialists.  ( 'omfiendious,  authoritative  and  modern. 
Follow  i  11'^' each  chapter  is  a  series  of  <jnestions  which  will  he  f«)und 
eonvt  iiicnt  in  »|ui/,/.iiiir.  The  >erie.s  is  constituted  as  follows: 
Hair's  Anatomy.  (Juenther's  Physioloi,'y.  McGlannun'a  Chemistry 
and  Physics;.  Kiepe's  Materia  NJedica  aii«l  Thi-rapeuiics.  Dayton's 
Practice  <.f  Mrdiciiie.  IIoIHs's  Physical  Diagnosis.  Arneill's  Clinical 
I>iaL'^tio.si>;  and  Urinalysis.  Nagle'w  Nervous  and  Mental  Disease-. 
Wat  hen's  Hi>tolo-'v.  Sterihouse's  Patlndoirv.  Archinnrd's  Bacteri- 
oloury.  Maircc  and  .lohnson's  Surgery.  Allini;,  t  JriHiii  and  Fergu- 
son :  l']ve,  Far,  Nos«'  and  Throat.  Schmidt's  (lenito-Urinarv  and 
Vriicrcal  hiscases.  Schalek's  l)«Tmat«dogy.  Pedersen's  (ivnaM'oloijy. 
Manton's  Obsictrics.  Tuleys  Pediatrics.  Dwight's  Jurl.**prudence. 
Dwight's  Toxicology. 
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LK  PKVRE  (ROBERT).     A  TKXT-ROOK  OF  PHYSICAL  DLAC 

NO.^lS.     Ill  oiK>  iL'iiio.  vt>l<iiiie  (X  4')0   |>fti^f?:,wiih  7*  engniviugs  and 
12  |.IuU'9.     Cloth,  $2.2',,  mi. 

This  book  will   tuke  front  rank.  ni(>thods  as  a]>i>1ie<l  to  the  thorax  are 

It  is  pri'pared  by  a  U'achcr  (»f  ex-  eiuploved  and  ex])1aiued  with  the 

perifuc*'  and  a  clinician  of  ace  'ni-  variations  ncc«»ssary.     A  numl^er  of 

plishmcnt.    Le  Fev  re  gives  adcqn  ate  eni^ravin^s  and  X-ray  pates  eluci- 

mstruction  upon  all  the  details  of  daU»    the    t4'xt. — liufjnlo     Mrdirnl 

diagnosis.     The  abdomen    receives  Jonnial. 
detailed   attention,    and    the    same 

LONG  (Elil  H.).  A  MANUAL  OF  DENTAL  M.\TERIA  MEDICA 
AND  TlIEKAPEUTitS.  12mo,  321  pages,  with  0  engravings  and 
18  i»lates.     Cloth,  .s3.«  0.  tn't. 

The  author's  aim  has  been  to  cover  student  and  practitioner  as  to  gener'il 
what  is  essential ;  to  treat  fully  all  i  n*rae<lies,  their  preparations,  doses 
remedies  that  iKilong  properly  to  the  and  uses.  The  value  of  the  work  is 
special  field  of  dental  medicine;  to  ,  much  enhanced  by  the  extensive 
discuss  briefly  the  action  and  appli-  ^  Index  of  Drugs,  including  every 
tion  of  the  most  important  general  drug  of  local  or  general  use  that  the 
remedie.s,  emphasizing  those  whosi>  j  dentist  may  have  occasion  to  refer 
action  may  avail  in  dental  diseases  1  to.  This  index  is,  in  fact,  a  general 
and  emergencies,  and  to  furnish  !  therapeutic  referendum  for  the  den- 
matter  for  refen'Hce  that  will  cover  !  tal  praetiiioiier. 
all  ordinary  demands  of  the  dcutiil  ' 

LOOMIS  (ALFRED  L.)  AND  THOMPSON  (W.  GIIiMAN^, 
EDITORS.  A  SYSTEM  OF  PKA(TICAL  MEDU  INE.  In 
Contributions  by  Various  American  Authors.  In  four  octavo  vol- 
umes of  about  900  '     ^  ..•....»  •     ... 

Per  volume,  cloth, 
subscript  to n  on  ly. 
lishers. 


Various  American  Authors.  In  four  octavo  vol- 
'K)  pages  each,  fully  illustrat^nl  in  black  ami  colors. 
1,  $5;  leather,  $({;  half  .Morocco.  $7.  For  sair  hi/ 
f.    Full  prospectus  fnv  on  application  to  thi'   Pub- 


L YM AN  (HENRY  M.).    THE  PRACTICE  OF  MEDK  INE.    In  one 

very   handsome  octavo  volume  of  1>25  pagi»8,  with  170  engravings. 
Cloth,  $4.75 ;  leather,  |5.75. 

MA18CH  (JOHN  M.).  A  MANUAL  OF  ORGANIC  MATERIA 
MF^DICA.  Seventh  e<iition,  thoroughly  revisini  by  11.  C.  C.  Maihcii, 
Ph.  O.,  Ph.  I).  In  one  very  handsome  12mo.  volume  of  512  pages,  with 
285  engravings.     Cloth,  $2.50,  urf. 

Used  as  text- book  in  every  college  The  Wst  handlnrnk  upon  phnr- 
of  pharmacy  in  the  Unitell  Stales  mac(»gnosy  of  any  i)ublished  in  this 
and  recoramende<l  in  me<lical  col-  countrv. — Boston  Mnl,  A  Sur.Jour. 
leges. — American  Therapist,  \ 

MALSBARY  (GEORGE  E.).  A  POCKET  TEXT- BOOK  OF 
THEORY  AND  PRACTICE  OF  MEDICINE.  In  one  handsome 
12mo.  volume  of  405  pages,  with  45  illustrations.  Cloth,  $1.75,  net; 
flexible  red  leather,  $2.25,  vet.  Lm's  Series  of  Pocket  Text-books, 
edited   by  BERN  B.  Gallaudkt,  M.  D.    See  page  18. 

Will  readily  commend  itself  to  recent  advances  in  medicine  with 
students  and  busv  practitioners,  the  best  of  that  which  is  old.  — 
bringing  forward  as  it  does  the  most    Medical  Review  of  Reviewn, 
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MANTON  iW.  P.).  AN  EPITOME  OF  OBSTETRICS,  12mo,  26,") 
p»gr8,  82  ilhisiralioiis.  Cloth,  $1.00,  nei.  Lea's  Series  of  Medical 
Epitomes,  see  page  18. 

MARSH  (HOWARD).  DISEASES  OF  THE  JOINTS.  In  one  12mo. 
volume  of  468  pages,  with  64  engravings  and  a  colored  plate.  Cloth,  $2. 
See  Series  of  Clinical  Manuals^  page  25. 

MARTIN  (EDWARD).    A  MANUAL  OF  SURGICAL  DIAGNOSIS 
111  one  12mo.  volume  of  about  400  pp.,  fully  illustrated.     Preparing,' 

MARTIN  ( WAIiTON)  AND  ROCKWELIj  (WM.  H.).  A  POCKET 
TEXT-BOOK  OF  CHEMISTRY  AND  PHYSICS.  In  one  hand- 
some rimo.  volume  of  366  pages,  with  137  illustrations.  Cloth,  $1.50, 
net;  limp  leather,  $2.00,  wc/.  Lai^s  Series  of  Pocket  Text-Books, 
edited  by  Bern  B.  Galladdet,  M.  D.     See  page  18. 
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Fciences  in   their  present   develop- 
ment.   The  arranixement  of  the  mat- 


■o' 


Sargtcal  monitor. 


MEDICAL  NEWS  POCKET  FORMULARY,  see  page  32. 

MITCHKLL   (S.   WKIR).      CLINICAL   LESSONS  ON  NERVOUS 
DISEASES.     In  one  rJnio.  volume  of  299  papes,  with  19  engravings 
and  2  colored  plates.     Cloth,  $2.50. 
The  book  treats  of  hysteria,  recur-    contnietions,   rotary  movements  in 
rent  melancholia,  disorders  of  sleep,  '  the   feeble   mindt.-^,   etc.     Few   can 
choreic  movement**,  fal.se  sensation.s    speak  with  more  authority  than  the 
of    cold,   ataxia,    htiniple^'ic    ]Ki\\i,    iniXhor.— The  Journal  of  the  Ameri- 
treatnient  of  sciatica,  erytlironiclal-    C(i7i  Medical  Association. 
^ia,  retlex   ocularneurosis,   hysteric  | 

MITCHELL    (JOHN   K.).       RKMOTE    CONSEQUENCES    OF 

INJUKIKS    OF    NHKVKS    AND    THEIR    TREATMENT.      In 

one  handsome    12mo.    volume   of  L'39    pages,  with    12    illustrations. 
Cloth,  $1.7r>. 

MORRIS  (MALCOLM).  DISEASES  OF  THE  SKIN.  Second 
edition.  Inonel2mo.  volume  of  (joi  pajj^es,  with  10  chromo-litho- 
graphic  plaf's  and  2«)    cn-ravin.trs.     Cloth,  $3.25,   net. 

The  work    is  .sv^pntially   clinical  strong  common   sense.     It  is  nlike 

and    practiiMJ    in    its   scope   and    is  suitabh-  for  the  stnd<'nt,  i)hvsician 

char.icteri/.d   throughout  by  clear-  and    specialist.  — /?«^a/o    Medical 

ness    and    simplicity   of   styh-    and  Jmirnnl. 

MORROW  (PRINCE  X.).  THE  UKLATIONS  OF  VENEREAL 
DiSK.ASIvS  WITH  MAKKIACH:.  <»ctavo,  about  450  pages,  with 
many   illustrations.     J'n  jHin'tKf. 

MULLER  (J.).  PRINCIPLES  OF  PHYSICS  AND  METEOR- 
<)L()(iY.  In  one  large  8vo.  vol.  of  623  pages,  with  638  cuU. 
Cloth,  $4.50. 
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MUSSER  (JOHN  H.).   A  PRACTICAL  TREATISE  ON  MEDICAL 
DIAGNOSIS,  for  Students  and   Physicians.     Fourth  edition,  thor- 
oughly revised.    In  one  octavo  volume  of  1104  pages,  with  250  en- 
gravings and  49  full-page  colored  plates.    Cloth,  $6.00,  nrf;  leather, 
$7.00,  net;  half  Morocco,  $7.60,  net. 
We  have  no  work  of  equal  value  '  t rated,  well  arranged,  easy  of  refer" 
in    English.  —  Univerwity    Medical .  once,  and  is  the  best  book  on  metlical 
Maqntine.  diagnosis,  both  for  medical  student 

This  is  the  best  book  on  medical  and  for  practitioner.  —  Maryland 
diagn'>8ifl  published  in  the  English  McdicalJournal. 
language.  In  it  is  found  everything  !  The  best  of  its  kind,  invaluable  to 
relating  to  the  pro]>er  making  of  a  J  the  student,  general  practitioner  and 
correct  diajrnonis.  It  is  complete,  .  teacher. — Montreal MedicalJoumal. 
practical,     up-to-date,    well     illus-  i 

NATIONAL  DISPENSATORY.  See  SlilU,  Maisch  ds  Caspari,  p.  27. 

N ATIONAIj  FORMULARY.  See  SlilU,  MaiMch  ds  CatpaH't  National 
Dispensatory,  page  27. 

NATIONAL  MEDICAL  DICTIONARY.    See  BiUings,  page  4. 

NETTLESHIP  (E.).  DISEASES  OF  THE  EYE.  Sixth  edition, 
thoroughly  revised,  la  one  12mo.  volume  of  502  pages,  with  192 
engravings,  and  5  colored  plates,  test-tyjws,  formulie  and  color- 
blindness test,    ('loth,  $2.2r>,  uft. 

By  far  the  beststudent'Ht^'xt-book  The  proHcnt  edition  is  the  ri'Miilt 

on  the  subject  of  ophthalmology.—  of  revlNion    both    in     F^ngltui<l   and 

The  (Hinical  Rexnew.  America,  and  llicref(»rt'  contaiiiH  the 

This  work  for  compactness,  practi-  lateHt    and     bcHt    ophthalmological 

cality  and  clearness  luis  no  8ii}>erior  ideas  of  both  continents. —  The  Phy- 

in  the  English  language. — Journal  sician  and  iSurgrtm. 
of  Medicine  and  Science. 

NICHOLS  (JOHN  B.)  AND  VALE  (F.  P.).  A  POCKET  TEXT- 
BOOK OF  HISTOLOGY  AND  PATHOLOGY.  In  one  handsome 
12mo.  volume  of  452  pages,  with  '1\'.\  illustrations.  Cloth,  $1.75,  net: 
flexible  leather,  $2.25,  net,  Lm'n  S^ricK  of  Pocket  Test-hooks, 
edited  by  Bern  B.  Gai.lai  ukt,  M.  D.     See  page  18. 

Systematical! I y  arranged,   and   in  can  safely  and  conscientiously  rec 

the    highest   degree,   interesting,  ommeiul    it   to    both    students    and 

Thoroughly  up  to  date.     The  booK  practitioners.- -77*^  *SV.  Imuis  Medi- 

is  an  exceptionally  good  one.     We  cal  and  Snnjira/  Journal. 

NOHRIS  (WM.  F.)  AND  OLIVER  (CHAS.  A.).  TEXT-BOOK  OF 
OPHTHALMOLOGY.  In  one  octavo  volume  of  641  pages,  with  367 
engravings  and  5  colored  plates.     Cloth,  $5 ;  leather,  $6. 

It  is  practical  in   its  tt^achings.  |  has  ever  been  offered  to  the  Amer- 
We  unreservedly  endorse  it  as  the    ican    medical    public. — Annals    oj 
best,  the  safest  and  the  most  com  pre-    Ophthalmology  and  Otology. 
hensi  ve  volume  upon  the  subject  that 

OWEN    (ED»fUND).     SURGICAL    DISEASES    OF    CHILDREN. 

In  one  12mo.  volume  of  525  pages,  with  So  engravings  and  4  colored 
plates.    Cloth,  $2.     See  Serieji  of  Clinical  Manuals,  page  26. 
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PARK  (ROSWEliL\  KDITOIl.  A  TREATISE  ON  SURGERY 
BY  AMERICAN  AUTHORS.  Third  edition.  In  one  royal  octavo 
volume  of  \AOS  pages,  with  (JOi  ongnivinjrs  and  64  full-page  plates. 
Ch>th,  $7.00,  »r/;  kathtr,  $8.00,  ?/f/.  /T^r  Published  also  in  2  vol- 
umes. Vol.  I,  (iencral  Surgery  an*i  SufKical  Pathology.  Cloth, 
s'A  7"),  /**/.  Vol.  II,  Special,  Regional  and  Operative  Surgery. 
Ch)th,  3  75,  Htt. 

The  work  is  fresh,  clear  and  practi- ,  clear-cut,  thoroughly  modem  and 
cal,  covering  the  ground  thoroughly  i  admirably  resourceful. — Johns  Hop- 
yet  briefly,  and  well  arranged  for  i  kin4  Hospital  Bulletin. 
rapid  reference,  so  that  it  will  be  of'  The  latest  and  best  work  written 
special  value  to  the  student  and  busy  '  upon  the  science  and  art  of  surgery, 
nmctitioner.  The  pathology  la  \  Uolumbiu Medical  Journal. 
broad,  clear  and  scientific,  while  the  i  It  is  thoroughly  practical  and  yet 
suggestions     upon     treatment     are  i  thoroughly  scientific. — Med.  Newt. 

PARK  (WIIiLIAM  H.).  BACTERIOLOGY  IN  MEDICINE  AND 
SUKGKUY.  12mo.,  088  pages,  with  87  illustrations  in  black  and 
colors,  and  2  plates.     Cloth,  $3.00  nft 

This  book  fills  a  very  distinct  |  of  view  of  the  bvgienist  and  public 
j;up.  None  of  the  text-books  in  our  \  health  ofticer.  'the  work  is  correct 
langiiaLie  take  up  the  subject  of  bac-    and  very  well  up  to  date. — TheMon- 

terrolo-^y    so     tlioruui^hly     and     »o    trenl  Jledical  Journal. 
souinUy  as  dues  this  from  the  j)oiiit 

PAHVIN  (THKOPH1LU8).    TIIK  SCIENCE  AND  ART  OF  OB- 

STKTIilCS.  Third  edition.  In  one  handsome  octavo  volume  of 
«>77  f)ai^es,  with  2«57  engravin;^^  and  2  colortnl  ])lates.  Cloth,  $4.25; 
leatlier,  $').2r). 
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En^'lish   language. — Medical    Fort- 
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PEPPEirS  SYSTI:M  of  medicine.     Seepages. 

PEPPEU  (A.  J.).   SURGICAL  PATHOLOGY.    In  one  12mo.  volume 

of  All  pages,  with  81  eni,'ravings.     Cloth,  $2.   See  Student's  Seriee  of 
Mdntnifa,  p.  27. 

PICK   iT.   PICKERLNG).      FUACTUKES  AND  DISLOCATIONS. 

In  one  12njo.  volume  of  530  pa^^es,  with  93  engravings.      Cloth,  $2. 
See  Series  of  Clinical  Munnals,  i>age  25. 

PliAYFAIR  \V.  S.).  A  TREATISE  ON  THE  SCIENCE  AND 
PRACTICK  OF  MIDWIFERY.  Seventh  American  from  the  ninth 
EiiL,'li>h  edition.  In  one  octavo  volume  of  700  pages,  with  207 
enixravin^'s  and  7  plates.     Clotii,   $3.75  ncf ;  leather,  $4.75,  net. 

An   epitome   of  the   science    and  a   safe   guide   to   both  student  and 

practice   of   nii<i\N  itery,    whieh   vm-  olistetrieian.    It  holds  a  place  among 

l»o(lies   all    nccnt    advances.  —  T/ie  the  ablest  English-speaking  authori- 

Midicdl  luntniijlithj.  X'w^  on   tiie   obstetric    art. — Buffalo 
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most  place  in  obstetric  nieiiieine    as 
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POIilTZER  (ADAM).  A  TEXTBOOK  OF  THE  DISEASES  OF  THE 
EAR  AND  ADJACENT  ORGANS.  New  American  from  the 
Fourih  German  edition.  In  one  octavo  volume  of  8!»6  pages,  with 
310  original  engravings.     Cloth,  $7.50,  tut.    J  usi  nafhf. 

It  is  an  absolute  tdnr  qua  tuni  for !  physician   as  a  hook    of   reference 
the  practitioner  who  devotes  atten- 1  upon     these     topics. — Amvrican 
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POTTS  (CHARL.E8  8.).  A  POCKET  TEXTBOOK  OF  NERVOUS 
AND  MENTAL  DISEASES.  In  one  handsome  12mo.  volume  of 
445  pages,  with  88  engravings.  Cloth,  $1.75,  nH ;  limp  leather,  $2.*iS, 
net.  Lea* s  Series  of  Pocket  Text- boo ks,  edited  by  BERN  \k  Gai.I.AU- 
DET,  M.  D.     See  page  Ls. 

Dr.  Potts  has  succeeilcd   in   de-  of  the  numerous  disooverit^s  in  every 

picting  the  main  facts  in  a  manner  branch  of  neurology  is  cK'urly  i>rt>- 

that  will  be  appreciated  by  students  sented.  The  book  is  a  n>liuble  guidt). 

and  general  practitioners.     The  gist  — The  Medical  JiuUetin. 

A  TEXTBOOK  ON  MEDICAL  AND  SURGICAL  ELKCTRI- 

CITY.     Octavo,  about  350  pages,  amply  illustrated.     Skoptiy, 

POSKY  (W.  C.)  AND  WRIGHT  (JONATHAN),  EIHTOHS.     A 

TREATISE  ON  THE  EYE,  NOSK,  TIIUOAT  AND  KAH,  By 
Eminent  authorities.  Octavo,  1251  pairi's,  riihly  illuMlraliMl  with  <iM» 
engravings  and  35  full-|):ige  plates  in  binek  aiul  ooUum.  Clulh,  1^7. IK»; 
leather,  .i^S.OO,  ml.  Half  morocco.  $M.5(),  mt. 
Published  also  in  2  volumes.  V(dunie  I.  I'oNi-y  <  n  the  K\  i\  7tH^  pa^vn, 
358  engravings,  \\)  pistes,  (^loth,  $1.<m>,  tut  Voluiuo  II  NNiix;ht 
on  the  Nose,  throat  and  Ear.  5;i7  pMK«^,  'JliJ  in.mu\inga,  hi  pluleM 
Cloth,  >3.50,  nvt. 
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RE3iSEN  (IRA).  THE  PRINCIPLES  OF  THEORETICAL  CHEM- 
ISTRY. Fifth  edition,  thoroughly  revised.  In  one  12mo.  vol- 
ume of  326  pages.    Cloth,  $2. 

A  clear  and  concise  explanation  student  of  chemistry  or  the  pracu- 
of  a  difficult  subject.  We  cordially  tioner  who  desires  to  broaden  his 
recommend  it. — The  London  Lancet.    theoreti<*al  knowledge  of  chemistry. 

The  book  is  equally  adapted  to  the  |  — New  Orleans  Med.  and  Surg.  Jour. 

REYNOLDS  (EDWARD)  AND  NEWELfi  (P.  8.).  A  MANUAL 
OF  PRACTICAL  OBSTETRICS.  New  eilition.  Octavo,  531 
paj?es,  richly  illustrated  with  253  engravings,  and  3  plates.  Cloth, 
^3.7-'»,  fict. 

It  is  eminently  practical.  Through- 1  illustrations  are  numerous  and  well 
out  the  work  everything  is  made  chosen,  a  great  number  being  origi- 
clear  and  easily  understood  by  any  nal. — St.  Louis  Medical  and  Sunji- 
student  of  iiverage  intelligence.  The  ,  cal  Journal. 

RICHARDSON  (BENJAMIN  WARD).  PREVENTIVE  MEDI- 
CINE.    In  one  octavo  volume  of  729  pages.    Cloth,  $4. 

ROBERTS  (JOHN  B.).    THE  PRINCIPLED  AND  PRACTICE  OF 

MODERN  SURGERY.    Second  edition.    ( )ctavo,  838  pages  with  473 

engniviuj^s  and  8  plates.  Cloth,  $4  2o,  net ;  leather,  $5.25,  net. 

A    clear,  concise,   comprehensive  satisfactory  or  valuable  single  vol- 

and    practical   presentation    of   the  nine  work  on  this  stibject. — Pai^jic 

most  modern  sursrerv.     The  student  Mnlicul  Journal. 
or  practitioQer  will  not  find  a  more 

ROBIj]RTS  (SIR  WILLI.VM).  A  PRACTICAL  TREATISE  ON 
UKINAKY  AND  RENAL  DISEASES,  INCLUDING  URINARY 
DEPOSITS.  Fourth  American  from  the  fourth  London  edition.  In 
one  very  handsome  8vo.  vol.  of  009  pp.,  with  81  illus.     Cloth,  $3.50. 

lUK^KAVKLL,  (AV.  H.,  Jr.).  A  POCKET  TEXT-HOOK  OF  AN- 
ATOMY. IJnio.,  h(K)  pai^es,  illnbtrated.  Cloth,  $2.25  :  limp  leather. 
s2.7o.  n,t.  L<7/\s'  Scrirs  of  P,>cl:ct  Trxt-boohs.  FMited  by  HKBN  H, 
(Jai.lai'DKT.  M.D.,     Se«- p:«>,'e  18. 

An  excellent  exiiinple  of  skilful  equally  useful  to  ihe  me<lical  stu- 
ei>itomi/.ati<>n.  Exmtly  a(laj>ted  to  dent,  or  as  a  t|uiek,  handy  reference 
the  ne»«ls  of  Trainiiiir  Schools  miuI     for  the  physician  or  surgeon. 

ROSS  (JAMES).  A  HANDBOOK  OF  THE  DISEASES  OF  THE 
N KR VOUS  SYSTEM.    In  one  handsome  octavo  volume  of  726  page*, 

with  184  engnivings.     Cloth,  $4.50;  leather,  $5.50. 

8CHAFER  (EDWARD  A.).  THE  ESSENTIALS  OF  HISTOL- 
OliV.  DESCRIPTIVE  AND  PRACTICAL.     Sixth  edition.    Octavo, 

4'Jt!  paires,  with  4<!.S  illustr.itions.     (loth,  s.').(Mt,  mt. 

Tin-  most  sati>fjictory  clementry  lish  Isnguaj^e. — The  Jiosion  Mniinil 
text-hook   of"  hist<»loi;v   in   the    Knir-    (ind  Sun/icdl  Jonriml. 

A    Conp.sK   OF    PRATTKWL    inSTOLO(iY.    Second  edition. 

In  one  12mo.  volume  of  3o7  patres,  with  51>  enjj;raving8.    Cloth,  $2.25. 
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80HLKIF  (WIIililAM).  MATERIA  MEDICA,  THEUArEUTICS, 
PRESCRIPTION  WRITING,  MEDICAL  LATIN,  ETC.  Second 
edition.  12mo.,  370  iwjjfes.  Cloth,  $1.71;  limp  leather,  $2.25,  wi. 
Lea's  Serifs  of  Pocket  Text-booh.  Edited  l)y  Hkkn  H.  Gai.LAIti>KT, 
M.  D.    See  page  18. 

It  contains  in  a  concise,  definite,  pletecoliege  court's  (in  Materia  MihI- 
and  assimilable  form  the  essential  ,  iea  and  Therapeutics.— TAc  A*citioiiu/ 
knowledt^  re(|uired  in  the  most  com-    Medical  Review. 

SCHMAUS  (HANS),  EWING  (JAMBS)  AND  THAYKR(A.  K.). 

PATHOLOGY  AND  PATHOLOCUCAL  ANATOMY.  Sixth  «*dition. 
Octavo,  602  pages,  with  351  engravings  and  34  platex  in  black 
and  colors.     Cloth,  $4.00,  net. 

This  work  emluKlies  all   the  re-    additions    and    tnlitorial    work    hv 
search   of  the    best   European  and    Professor  Ewinj;  render    the  booK 
Ameri<'an  observers,  and  is  without .  all    the    more    valuable. — Med  cat 
a  8up<*rior,  if  indeed  it  has  an  equal.    Progress. 
in  this  or  any  otht^r  languatre.     The 

8ENN  (NICHOLAS).  SURGICAL  BACTERIOLOGY.  Second  edi- 
tion. In  one  octavo  volume  of  268  pages,  with  13  plates,  10  of  which 
are  colored,  and  9  engravings.    Cloth,  $2. 

SERIES  OF  ClilNICAL  MANUALS.  A  Series  of  Authoritative 
Monographs  on  Important  Clinical  Subjects.  The  following  volumes 
an*  now  ready  :  Caktkr  and  Frost's  Ophthalmic  Surgery,  $2.25; 
Marsh  on  Diseases  of  the  Joints,  $2;  Owkn  on  Surgical  Diseases  of 
Children,  $2;  Pick  on  Fractures  and  Dislocations,  $2. 
For  separate  notices,  see  under  various  authors'  names. 

SKRIKS  OF  STATK  liOARD  EXAMINATION  QUF.STIONS. 

See  page  26. 

SIMON  (CHARLES  E.).  A  TEXT-ROOK  ON  PHYSIOLOGICAL 
CHEMISTRY.  Octavo,  4r.3  pages.     Cloth.  |3.2n,  net. 

This  book  is  a  deserving  coinpan-  eian.  Simon  has  honorwl  American 
ion  work  to  Simon's  Clinical  Diag  medicine  in  his  pioneer  work  in  a 
7iosis,  and  like  it  will  live  to  l)e-  field  which  heretofore  has  been  oc- 
come  a  standanl  and  recognized  cupied  by  foreign  authors.— 7Vi<t 
text-!>o()k  for  students,  and  a  guide  Medical  Forlniyhily. 
for    the    thoughtful    student-physi- , 

SIMON  (CHARLES  E.).  CLINICAL  DIAGNOSIS,  BY  MICRO- 
SCOPICAL AND  CHEMICAL  METHODS.  Fourth  edition.  In 
one  octavo  volume  of  008  pages,  with  139  engravings  and  19  full-page 
colored  plates.     Cloth,  $3.75,  net. 

This  book  thoroughly  deserves  its  j  The  chapter  on  examination  oi 
success.  It  is  a  very  complete,  authen-  the  urine  is  the  most  complete  and 
tic  and  useful  manual  of  the  micro-  '  advanced  that  we  know  of  in  the 
scopical  and  chemical  methods  English  language. — Canadian  Prac- 
which  are  employed  in  diagnosis.  j^/^roM^. 
A'.  )'.  A  fed.  Journal. 
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SIMON  (WMJ.  MANUAL  OF  CHEMISTRY.  A  Guide  to  licctures 
and  Laboratoiy  Work  in  Cheiulstry.  A  Text-book  speciallj  adapted 
for  Students  of  Pharmacy  and  Medicine.  Seventh  edition.  In  one 
8vo  volume  of  613  pages,  with  64  eni^rmvin^  and  S  plates  showing 
colors  of  64  tests,  and  a  spectra  plate.  Cloth,  $3.00,  nri. 

It  is  difficult  to  9ee  how  abetter  the  covers  of  this  book. —  The  Sorih- 

book  could  be  constructed.     No  man  wesifrn  Lancrt. 

who  devotes  himself  to  the  practice  Its  statements  are  all  clear  and  its 

of  medicine  need  know  more  about  teachings    are  practical. —  Virginia 

ehemistry  than  is  contained  between  Med.  Monthly. 

8LADE  ^D.  D.?.  DIPHTHERIA;  ITS  N.\TURE  AND  TRE.\T. 
MENT.  Second  edition.  In  one  rojai  12mo.  vol.,  158  pp.  (Moth,  $1.25. 

SMITH  (J.  LEWIS).  A  TREATISE  ON  THE  DISEASES  OF  IN- 
FANCY AND  CHILDHOOD.  Eighth  edition,  thoroughly  rev  wed 
and  rewritten  and  much  enlarged.     In  one  large  8vo.  volume  of  983 

ftnges,   with   273  engravings  and  4   full-page  plates.    Cloth,  $4.50; 
eatfier,  $.5.50. 

A  safe  jruide  for  studonts  and  phy-        For  years  the  leading  text-book  on 
sici:in8. —  Thf  Am.Jonr.  of  Ohstetricn.    children's    diseases  in    America. — 

CInoigo  Medical  Recorder. 

SMITH  STEPHEN).  OPERATIVE  Sl'UCiERY.  Second  n mi  thor- 
ouglily  revised  i*<liti<»n.  In  (;ie  i»otavo  volume  of  892  pages,  with 
1CK>.')  enirravinifs.     Cloth,  $1. 

r)iu'  oftlie  ino"»t  >;iti.- factory  works    diura  for  the  nuKleru  surgeon. — Bf*9- 
on   ni<Kl«Tn    optTativc    sur^'rry    yet    tan  Medicul  and  Surgical  Journal. 
|>ul)lish«.Ml.     The  l><M>k  is  a  compen- 

SOLI.Y    S.  EDWIN..       A    HANDIIOOK    OF   MEDICAL  CLIMA- 

T()I/)(JY.     Ill  oiij'  han<Non)e  octavo  V(>luine  of  4r)2  pages,  with  en- 
srraviiiLrs  and  1 1  fiill-paLrr  |>lat»'s,  5  of  whicli  are  in  colors.  Cloth,  $4.(>0. 

A    cirar    and    lucid   suniniary   of    to  its  intluence  ufK>n  human  beings, 
what  is  known  «>fciiiuat«'  in  relation     — Tlie  Therapeutic  Gazette. 

STATi:  IIO  AllD  i:\  AMINATION  SEKIES.  (  LASSIFIED  AND 
EDITED  I'.Y  K.  .1.  E.  SCofT,  .\.M..  M.D.  A  serit^  of  handy, 
wi  ll-arranjt  d.  IJiiio  \  (»liim«-- nt"  altniit  L'oO  unices  each,  bound  in  fi'l! 
limp  cloth  and  i>riiiied  on  pnp<'r  suitalde  f<»r  either  pen  or  pencil. 
every  otli«  r  pML'e  hnini;  left  Maiik  for  nu'iiiornn<la.  The  res|HH'tive 
voliiint'.  cover  I  he  sultieet--  of  Anat<»riiv.  Phy«i<do{jA-  and  Hygiene. 
Clieini^iry.  Siiii^'ery.  ol.-tetrios,  railioli">i;y  and  l>ial:no^i.•',  Practice, 
Mateiia    Mediea   and   Tlu  rapeiitics.      Will   In*  reaily   shortly.      (Hhrr 

STILLE  i  ALFRED  .  CUOLERA  ;  ITS  ORKilN,  HISTORY,  CAUS- 
ATION. SYMPTOMS,  LESIONS.  PREVENTION  AND  TREAT- 
MENT. In  one  P2mo.  volume  of  163  pa^-s,  with  a  chart  showing 
routes  of  |)revi<>us  ej)ideuiics.     Cl()tli,  $1.2'). 

THERAPEUTICS    AND    MATERIA    MEDICA.       Fourth    and 

revised   e<lition.      In   two  octavo   volumes,  containing    1936    pages, 
aoth,  $10;  leather,  $12. 
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STILiliE  (ALFRED),  MAISCH  (JOHN  M.)  AKD  CASPAR! 
(CUA8.  JR.).  TUE  NATIONAL  DISPENSATORY:  Containing 
the  Natural  History,  Chemistry,  Pharmacy,  Actions  and  Uses  of 
Medicines,  including  those  recognized  in  the  latest  Pharmacopcpias  of 
the  Unitea  States,  Great  Britain  and  Qermany,  with  numerous  refer- 
ences to  the  French  Codex.  Fifth  edition,  revised  and  enlarged, 
including  the  U.  S.  Pharmacopceia.  Seventh  Decennial  Revision. 
With  Supplement  containing  the  National  Formulary.  In  one 
magnificent  imperial  octavo  volume  of  about  2025  pages,  with 
320  engravings.  Cloth,  $7.26;  leather,  $8.  With  ready  reference 
Thumb-letter  Index.    Cloth,  $7.76  ;  leather,  $«.60. 

STIMSON  (liEWIS  A.).    A  MANUAL  OF  OPERATIVE  SURGERY. 

Fourth  edition.    In  one  royal  12mo.  volume  of  681  pages,  with  293 

engravings.     Cloth,  $3.00,  vet. 
A  useful  and  practical  guide  for'      The  book  is  worth  the  price  for  the 
all  students  and  iiractitioners.—^^m.    illustrations    alone. — Onto  Medical 
Journal  of  the  Medical  Scien4:es.         I  Journal. 

STIMSON  (LEWIS  A.).  A  TREATISE  ON  FRACTURES  AND 
DISLOCATIONS.  Thinl  edition.  In  one  handsome  octavo  vol- 
ume of  842  pages,  with  336  enjrruvings  and  32  plates.  Cloth,  $6.00, 
net ;   leather,  ^.00,  net;  half  Morocco,  .*t).50,  net. 

Preeminently  the  authoritative  value.  The  work  is  profusi'ly  il- 
text-book  upon  the  subject.  The  lustrattMl.  It  will  be  touiui  in<li8- 
vast  experience  of  the  author  ^'ives  peiisabic  to  tlu'stinlcntninl  theprae- 
to  his  coiiclusionsau  uninipeaeliabie  titioiRT  alike. —  The  Maiini/  Atje. 

STUDENT'S  QUIZ  SERIES.  Thirtin^n  volumes,  convenient,  author- 
itative, well  illustratcii,  handsomely  bound  in  cloth.  1.  Anatoniv 
(double  number);  2.  Physiology;  3.  Chemistry  and  Physics;  4.  Histol- 
ogy, Pathology,  and  Bacteriology;  6.  Materia  Metlica  and  Thera- 
peutics ;  6.  Practice  of  Medicine ;  T.Surgcry  (double  number);  8.  Genito- 
urinary and  Venereal  Diseases;  9.  Diseases  of  the  Skin;  10.  Diseases 
of  the  Eye,  Ear,  Throat  and  Ncse;  11.  Obstetrics ;  12.  Gynecology  ; 
13.  Diseases  of  Children.  Price,  $1  each,  except  Nos.  1  and  7, 
Anatomy  and  Surgery,  which  being  double  numbers  are  priced  at 
$1.75  each.     Full  spt^cinicn  circular  on  application  to  publishers. 

STUDENT'S  SERIES  OP  MANUAIjS.  12mos.  of  from  300-540 
pages,  profusely  illustrated,  and  bound  in  red  limp  cloth.  Brucr's 
Materia  Medica  and  Thenipeutics  (sixth  edition),  $l.r»o.  net.  Klein's 
Elements  of  Histology  (5th  edition),  $J.00,  net ;  Pepper's  Surgical 
Patholog)',  $2;  TreVes'  Surgical  Applied  Anatomy,  .'?52.00,  rttt. 
Ralfe's  Clinical  Chemistry,  $1.50. 
For  separate  notices,  see  under  various  author's  names. 

STURGES  (OCTAVIUS).  AN  INTRODUCTION  TO  THE  STUDY 
OF  CLINICAL  MEDICINE.    In  one  12mo.  volume.     Cloth,  $1.26. 

SUTTON  (JOHN  BLAND).  SURGICAL  DISEASES  OF  THE 
OVARIES  AND  FALLOPIAN  TUBES.  Including  Abdominal 
Pregnancy.  In  one  12mo.  volume  of  513  pages,  with  110  engravings 
and  5  colored  plates.     Cloth,  $3. 
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SZYMONOWICZ    (li.)  AX1>    MaoCALIiUM  (J.  BRUISE).       A 

TEXT-!U)<)K  OF  UISToLOCiY  OF  THE  HUMAN  BODY:  in- 
cludin^'  Microsi'opieal  Technique.  Octavo,  437  uages,  with  277 
<>ri;:^inal  engravini^s  and  57  inset  plates  in  black  ana  colors,  contain- 
ing 81  figures.     Cloth.  $4.75,  7i€t. 

This  book  will  take  its  place  >  adapted  for  teaching  purposes;  the 
am  »ng  the  first  favorites  of  the  text-  t*'xt  is  accurate  and  m<Klern,  the 
lN»oks  on  biolo;;y. — Joumnl  Amcri-  illustrations  are  extremely  beautiful, 
ran  Medical  Association.  '  well  selecte*!  and  numerous. — Mtdi- 

Erainentiv  satisfactory  and  well  !  cal  Record. 

TAIT  (LAWSON).  DISEASES  OF  WOMEN  AND  ABDOMINAL 
SURGERY.    Vol.  I.  contains  646  pagw  and  3  plates.    Cloth,  $3. 

TAYLiOR  (ALFRED  8.).     MEDICAL   JURISPRUDENCE.     New 
American  from  the  twelfth  English  edition,  specially  revised  by  Clark 
Brll,  Esq.,  of  the  N.  Y.  Bar.    In  one  8vo.  vol.  or  831  pages,  with  54 
cngrs.  and  8  full-page  plates.    Cloth,  $4.50;  leather,  $5.50. 

To  the  student,  as  to  the  physician,  be  found  to  be  thorough,  aathorita- 

we  would  say,  get   Taylor  first,  ana  tive    and     modem. — Albany    Law 

then  add  as  means  and   inclination  Journal. 

ff.nfih\^yo\\.—Amfncan  Practitioner       Probablj^  the  best  work   on   the 

and  yens.  subject  written  in  the  English  lan- 

It   is  the  authority    accoptid   as  guage.     The  work   has  been  thor- 

final  by  the  courts  of  all    hnglish-  oughly  revise<l  and  is  up  to  date. — 

speaking  countries.     Th«'  work  will  Pacijic  3Iedical  Journal. 

TAYLOR  iROBKRT  AV.).  (iHNITO-URlNARY  AND  VENEREAL 
DISEASKS  AND  SYPHILIS.  Second  edition.  In  one  very 
handsoinv  octavo  volume  of  720  pages,  with  130  engravings  and  27 
colored  plates.     Cloth,  $5.0<),  net ;  leather,  $6.00,  net. 

By  long  odds  the  best   work  on        It  is  a  veritable  storehouse  of  our 

venereal  ilisesises. — Louisvil/e  Medi-  knowledge  of  the  venereal  diseases. 

cal  Monthly.  It  is  commended  as  a  conservative. 

The  clearest,    most  unbiased  and  practical,    full    exposition     of  the 

ablv  presented  treatise  as   yet    pub-  greatest    value. —C/Aica^o    Clinical 

lislied    on    this    vast    subject.— TA^  Review. 
Mefiical  News. 

TAYLOR  (UORKRTAV.1.  A  PRACTICAL  TREATISE  ON  SEX- 
UAL   DISOKDKRS   IN   THE    MALE  AND   FEMALE.      Second 

edition.  In  one  8vo.  volume  of  4.S4  pages,  with  91  engravings  and 
13  colored  plates.     Cloth,  $.S.(K),  net. 

The  author  has  presented  to   the  followed,  will  be  of  unlimited  value 

profession  tlu;  ablest  and  most  scien-  to    both    physician    and    patient. — 

tific  work  as  yet  j)ul)lished  on  sexual  Medical  News. 
disorders,  and  one  which,  if  carefully 

A  CLINICAL  ATLAS  OF  VENEREAL  AND  SKIN  DISEASES. 

Including  Diajjnosis,  Prognosis  and  Treatment.  In  eight  large  folio 
parts,  measuring  14  x  18  inches,  and  comprising  213  beautiful  figures 
on  5H  full-page  ehromo-lithographic  plates,  85  fine  engravings  and  425 
pages  of  text.  Bound  in  one  volume,  half  Turkey  Morocco,  $28. 
For  sale  by  subscription  only.    Address  the  publishers. 
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THr>WP»iO^   IK,  r»%VM\%  -    A   TEXT-BO-'K   OF   PRACTICAL 

TV  ifri-.».'?  iitt»  :»'»5ift*v<  tut  r>i    c^***!;  */j4  7jy>f(  «ikU«/T;&;r  mMUtn-r 
'ukrT*3ie   '.^    XI*   r:^  *i3i*r>i«*   *♦    .vr  'i*-.*  r-^^-o  ^a  w^i^t':^A  'Wail  iJ>^ 

hL.^  ti.^  rtr»  ."#-#0  ^  ^•"jrts**'!*      Ia  %. 

THOWP9i09    HfR  MKTRY  .    THE  PATHOJ/K>y  A  M>  TKKAT 
M9LS7  OF  JfTfcKTrER  '^/F  THK  TRKIHKA   ASr>  I'RINAKV 
FVfTVL.f,.     Fr^fs.  'i^  V,.rj  Kt,-/'u*h  *^\.\.',u      lit  "n-  t/tHivo  volurn*; 

TtRAKD  ^KWrOK.  MfAfUlKU  TKKATMKVT  OF  liIHKAHKM 
A5I>  ^/iHyi^fW*.  HMt^w^f  /yrUv'/  w,Jgr/,«-  of';:;;  |rtij(««l.  ^*lo!h, 
$4  ■/■    *-^ 

Tfci«  w'/'X  »..'J  nij/,'ilr  ffiw  into    thi«    i«  ;»    w//rk  *l«*tirH"l  U;  ^»«'<rom^^• 
*T».     It '>*.«  f/'a»f/f*-f.<r,».- '  Jy  wjih    in    I'/ttttttt*  tt'Wuy   if    in    ih**    hii^h^Nt 

iff^m  **  i* » '/^  *- » *  rjr  'jjk  V  'i V    '  >f ^;i  i  f  1 1  y 

TOfH>  K/iBKKT  HKSTt^KY ,.  MJ  V|rA  f.  I.K^TUKKH  ON  (KR- 
TaIV  ACI.TK  MHKAHKH,     In  on*-  Mvo,  vol.  of  .T^;  j.j,.,  rloth,  $2.50. 

'f3H     yMCtpyJiUm,.     OI'KUATrvIC    HUKOKKY.      In    two 
>,yo   role  #y/rit*if«iriir  ir#.V>  |/ff.,  wUU  iTi  lllii*.     rioth,  $fi ;  If^th.,  $11. 

A   ^/r^VM  OK  nXUUiVMY.     /ii   r/,ntrlhijllorn  by  Twenty-fiire 


fjttlfiiMh  ^Mf^^t^tu:  tfi  two  Imrirt  «K<tAvo  volunH-*.  Vol.  I.,  1178  pages, 
•  it^«  4^?  trftiiruvinifn  unti  '4  tvAort^'t  |iUl<«<,  Vol.  IT.,  ]\2f)  pages,  with 
4'!7  T^^fftvinjfv  iir»'l  9  wolon**!  pliiM**,     T'ornplift^r  work,  cloth.  $16.00. 

TliKVKH  /FliKfiKHl<;M).  HIJR/i(r;A/.  APPLIED  ANATOMY. 
Tifw  t^AtUt$u.  lu  tfim  iUmn  volume  of  t'AfO  \*tmt*f  with  61  engravingt. 
f\*^hf  t2-fi*f,  »^^'     H«»  HhtdftWa  He  rift  of  ManufjUt,  page  27. 
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TUTTL*:  (GEORGE  M.l.  A  POCKET  TEXT-BOOK  OF  DISEASES 
OF  CHILDREN.  In  one  handsome  12mo.  volame  of  374  pages, 
with  5  plates.  Cloth,  |1.50,  7iet ;  flexible  red  leather,  $2.00,  nH,  Len'g 
SerifM  of  Pockn  TeTt-hmk»^  edited  by  BERN  B.  GALLArDET,  M.  D. 
See  p.  is. 


It  i«  a  irood  work — the  author  hav- 
ing condensed  most  of  the  leading 
pointA  in  connection  with   diseases 


of  infancT  and  childhood  into  short 
and  readable  chapters. —  Virginia 
3Ifdical  Sfnii-3fonthly. 


VAUOHAN   fVICrrOR   C.)   AND   NOVY    (FREBERICK    OX 

CELLULAR  TOXINS,  or  the  Chemical  Factors  in  the  Caasation  of 
Disease.  New  (4th)  edition.  In  one  12mo.  volume  of  480  pages.  Cloth, 

The  work  has  been  brought  down  The  most  exhanstive  and  roost  re- 

to  date,  and  will  be  found  entirely  cent  presentation  of  the  sabject  — 

satisfactory. — Journal  of  the  Ameri-  American  Jour,  of  the  Med.  Sciences, 
can  3feAirn I  A  Mociation . 

VISITING     lilST.       THE    MEDICAL    NEWS    VISITING    LIST. 

Four  styles :  Weekly  (dated  for  30  patients);  Monthly  (undated  for 
120  patients  per  month);  Perpetual  (undated  for  30  patients  each 
wefk);  and  Perp^^tual  (^undated  for  60  patients  each  week).  The  60- 
patierit  book  consists  of  'JoO  paires  of  a.ssorte<l  blanks.  The  first  three 
stylt.'s  contain  32  pa^^os  of  imjiortant  datii,  thoroughly  revised,  and 
W)  paces  of  a.ssorte<l  blanks.  Each  in  one  volume,  price,  $1.25. 
With  thunib-lettrr  index  for  quick  use.  25  cents  extra.  Special  rates 
to  Kubscrilwrs  to  Thf  Medkwl  Xfws  or  THE  AMERICAN 
Journal  of  thk  Medical  S<mknces,  or  both.  See  p.  32. 

WATSON  THOMAS).  LKCTrUES  ON  THE  PRINCIPLES  AND 
PKA(TirE  OF  PHYSIC.  A  new  American  from  the  fifth  and 
enlarir«^i  Enirlish  edition,  with  additions  by  H.  Hartshorne,  M.  D. 
In  two  large  svo.  vols,  of  1840  pp.,  with  l!.»Ocut«.  Cloth,  $9 ;  leather,  $11. 

WEST  (CHARLES).    ON  SOME  DISORDERS  OF  THE  NERVOUS 

SYSTEM    IN    (ailLDHOOD.     In   one  small   12mo.  volume  of  127 

pai^es.     Cloth,  $l.on. 

WHARTON  (HENRY  R.).  MINOR  SURGERY  AND  BANDAG- 
INCi.  Fifth  e<liti<»n.  In  one  12rno.  volume  of  640  pap^es,  with 
5n!)  en.i;nivingf*,  many  of  which  are  plmtdtrraphic.      $3.00,  nrt. 

The  i>nrl  ilcvotci  to  hnndau'in^'   is  Well    written,     conveniently    ar 

p<Thaps  thr   b('<(   ex|M>siti(»n   of  the  ran;r<'cl    and   ani))lv   illustrated.     It 

subject  in  th<'  Eni^lish  lan'jua^'e.     It  covirs  the  field  so  fully  as  to  render 

can   b«'    highly    commended  to   tln'  it  a  valuable  text-l>ook,  as  well  as  a 

stu<lent,    th»'    practitioner   and    the  work   of    ready    reference    for  Bur- 

8|M'eialist. —  The     ('hlcoqo      Medical  j,M'ons.— .Vo/7/i    Amer.  Practitioner. 
Recorder. 

WHITIiA    (WIIililAM  .       DICTIONARY    OF    TREATMENT,  OR 

THEKArKCTK^  INDEX.     InelndiuK  Medical  and  Surreal  Thera- 
peutics.    In  one  s<juare  octavo  volume  of  917  pages.     Cloth,  $4. 
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AVHITMAN'S  (ROYAIi).  ORTHOPEDIC  SURGERY.  One  octavo 
volume  of  Cti2  paj^es,  with  447  illustrations.     Cloth,  $0.50,  net. 

Much  attention  is  paid  to  the  eti-  sidered.  The  book  approaches  near 
olo;;y  and  anatomy  of  deformiticM.  to  the  standard  of  ideal  Orthopedic 
Symptouijitolnjxy  and  treatment  are  !  Surgery  and  appears  to  be  the  mcst 
dealt  with  thoroughly,  the  latest ,  up-to-date  work  on  the  subject  in 
contributions  to  mechanical  and  i  the  Ene:li«h  language.  —  Phitodct- 
operative  treatment  being  fully  con-  i  phia  Mtdicnl  Journal, 

WIIililAMS  (DAWSON).  THE  MEDICAL  DISEASES  OF  CHIL- 
DREN.  Second  edition.  Specially  revised  for  America  by  F.  S. 
Chprchill,  A.m.,  M.D.  In  one  octavo  volume  of  538  pages,  with 
52  illustrations,  and  2  plates.    Cloth,  $3.50,  nft. 

The  descriptions  of  symptoms  are  diagnoses,  prognosis,  complications, 
full,  and  the  treatment  recommended  and  treatment.  The  work  is  up  to 
will  meet  general  approval.  Under'  date  in  every  sense. — The  Charlotte 
each  disease  are  given  the  symptoms,  I  Medical  Jonnuil. 

WILSON  (ERASMUS).  A  SYSTEM  OF  HUMAN  ANATOMY. 
A  new  and  revised  American  from  the  last  English  edition.  Illustrated 
with  397  engravings.  In  one  octavo  volume  of  G16  pages.  Cloth,  $4 ; 
leather,  $5. 

WOOLSEY  (GEORGE).  APPLIED  SURGICAL  ANATOMY  RE- 
(JIONALLY  PRESENTED.  Octavo,  T)!!  pages,  with  125  original 
illustrations  in  black  and  colors.   Cloth,  So.Oo,  mt ;  J(*athLT.$(I.O<»,  «<•/. 

For  the  student   it   may  hf  ospc-  by  giviu'r  him  an  incentive  to  sttuly 

rially   conimerHU'd.   prfsiriting   the  anatomy  with  an  olyect,  discourages 

fubjrct,  MS  it  (lot's,  from  its  prnetieal  him  from  KJmply  memorizing. — \(ir 

and  most  interesting  side.     It  shows  Orhans  Mulicnl  and  Snrt/iad  J  our- 

the  reasons  for  knowing  things,  and  md. 

YOUNG  (JAMES  K.).  ORTHOPEDIC  SURGERY.  In  one  8vo. 
volume  of  475  pages,  with  286  illustrations.    Cloth,  $4;  leather,  $5. 

One  is  impresseil  with  the  thor- 
oughness of  the  work.  The  illustra- 
tions are  numerous — the  book  thor- 
oughly practical — Medical  News. 


\  It  is  a  very  comprehensive  work 
upon  this  legitimate  surgical  spe- 
cialty and  every  page  abounds  with 

I  evidences  of  *  practicality.  —  The 
(.'hicaqo  Clinical   Revie^o. 


ZAPFFE  (F.  C).     A  POCKET  TEXT-IJOOK  OF  BACTERIOLOGY. 

lIaii<ison)(>  \2\no.  of  .'iOO  pnges,  amply  illusiratetl  with  146  engravings 
iintl  7  eoI(»n'<l  pi  ites.  Clolli,  $1.^0,  //f/;  limp  leather,  .i;2.00,  /»*/. 
/  f  o'.s-  NfT/rx  „/  I\,r/:,f  '/',.v(-hi>nhs.  VA'lU'd  bv  IJkUN  B.  (JaI.LAUDKT, 
M.D.     See  pjiu'e  IS. 

IVofessor     Zapfle's     compendious  «*nrries  his  reader  systenuiticiilly  up 

nuinuMJ  eov«Ts  the   thcoreti<*jil  nnd  to  the  point  of  gaining   a   full  and 

clinical  asj)eets  of  l»;ieterioloL'y  in  a  comprehensive    view,   not    only    of 

manner  answeriiiLj  the  needs  of  gen-  bacteriology,  but  also  of  its  practical 

era!  practiti  huts  as  well  as  of  stu-  ri'laiion  to   medicine.     A  course  of 

(lentxS.       lb-   aeconiplisht's    this   by  practical     laboratory     exercises     is 

«liminatii)u'urinec»ssary  discussions,  likewise  included  in  this  singularly 

Slartini:  al  the  very  beginninLr,  he  comprehensive  volume. 
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PROGRESSIVE  MEDICINE. 

A  Quarterly  Digest  of  New  Methods.  Disooveries.  and  Improvements 
ill  the  Medical  and  Surgical  Sciences  by  Eminent  Autnorities.  Edited  by 
Dr.  Hobart  Amory  Hare.  In  four  abundantly  illustrated,  cloth  bound, 
octavo  volumes,  of  400-500  pages  each,  issued  quarterlv,  commencing 
March  1st,  1899.    Per  annum  (4  volumes),  $10.00  delivered. 

THE  MEDICAIi  NEWS. 

Weekly,  94.00  per  Annam. 

E^ch  number  contains  48  quarto  pages,  abundantly  illustrated.  A 
crisp,  fresh  weekly  professional  newspaper. 


THE  AMERICAN  JOURNAIj  OF  THE  MEDICAL.  SCIENCES. 

Monthly,  SA.OO  Per  Annum. 

Each  issue  contains  192  octavo  pages,  fullv  illustrated.  The  most 
advanced  and  enterprising  American  exiK)ucnt  of  scientific  medicine. 

THE  MEDICAIi  NEWS  VISITING  LIST. 

Four  styles,  Weekly  (dated  for  SO  jMitienta) ;  Monthly  (undated,  for 
120  patients  "per  month) ;  Perpetual  (undateil,  for  30  patients  weeklv  per 
year);  and  rer|>elual  (undated,  for  60  patients  per  year).  Each  style  in 
one  wallet-shapMed  book,  leather  bound,  with  pocket,  pencil  and  rubber. 
Price,  each,  11.25.    Thumb-letter  index,  25  cents  extra. 

THE  MEDICAL.  NEWS  POCKET  PORMUIjARY. 

New  (5th)  EdlUon. 

Containing  over  1700  prescriptions  representing  the  latest  and  most  ap- 
nrovtnl  methotls  of  administering  remedial  agent<i.  Strongly  bound  in 
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